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DOCUMENT- IDENTIFIER: US 6200786 Bl 

TITLE: Process for the preparation of nootkatone by laccase catalysis 



Abstract Paragraph Left (1) : 

A method of producing nootkatone by laccase catalyzed oxidation of valencene. 
Valencene and a composition having laccase activity are reacted in the presence of an 
oxygen source, at a valencene concentration greater than 0.1%, to form valencene 
hydroperoxide. Optionally, a mediator and/or a solvent at a concentration that 
maintains laccase activity may also be included. The valencene hydroperoxide is 
degraded to form nootkatone, and nootkatone is then recovered. The method produces 
nootkatone in commercially viable yields. 

Brief Summary Paragraph Right (1) : 

The invention is directed generally to production of natural flavors, and specifically 
to production of natural flavors by laccase catalysis. 

Brief Summary Paragraph Right (5) : 

Thus, a commercially viable method to produce nootkatone utilizing laccase would be 
desirable. 

Brief Summary Paragraph Right (6) : 

The invention is directed to a process for producing nootkatone by reacting valencene 
and a composition having laccase activity, with valencene at a concentration greater 
than 0.1%, in the presence of an oxygen source to form valencene hydroperoxide. The 
hydroperoxide is degraded to form nootkatone, and the nootkatone is recovered. The 
hydroperoxide may be degraded by heating and/or by contacting a catalyst. Laccase may 
be from a microbial source, e.g., the fungi Botrytis cinerea 61-34 and/or Trametes 
versicolor, or from a recombinant DNA source. A mediator and/or a solvent may be added 
to the valencene and the composition having laccase activity. The solvent is added at 
a concentration that maintains laccase activity. 

Brief Summary Paragraph Right (7) : 

The invention is also directed to a process for producing nootkatone by reacting 
valencene and a composition having laccase activity, wherein valencene is at a 
concentration of greater than 0.1%, in the presence of an oxygen source to form 
valencene hydroperoxide, then degrading the hydroperoxide to form nootkatone, and 
recovering the nootkatone. The composition having laccase activity may be a solution 
having a concentration of valencene up to about 64% by weight. Alternatively, laccase 
may be immobilized and used to oxidize valencene in the absence of a solvent. 

Brief Summary Paragraph Right (8) : 

The invention is further directed to a process for making nootkatone by reacting 
valencene and a composition containing laccase from either or both of Botrytis cinerea 
61-34 or Trametes versicolor, with the concentration of valencene greater than 0.1%, 
in the presence of a mediator and an oxygen source at a pH between about pH 3-7 to 
form valencene hydroperoxide. The valencene hydroperoxide is degraded to form 
nootkatone, and the nootkatone is recovered. 

Brief Summary Paragraph Right (9) : 

The invention is still further directed to a process for producing valencene 
hydroperoxide. Valencene and a composition having laccase activity are reacted in the 
presence of an oxygen source under conditions to form valencene hydroperoxide. The 
starting concentration of valencene is greater than 0.1%. A mediator and/or a solvent 
at a concentration to maintain laccase activity may be added. 

Brief Summary Paragraph Right (10) : 
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The invention is additionally directed to a process for producing nootkatone by 
reacting valencene and immobilized laccase in the presence of an oxygen source to form 
valencene hydroperoxide, heating to degrade the valencene hydroperoxide to form 
nootkatone, and recovering the nootkatone. In this case, the concentration of 
valencene in the reaction may approach 100% without abolishing the laccase activity. A 
mediator and/or a solvent at a concentration to maintain laccase activity may be added 
to the valencene and the immobilized laccase . 

Brief Summary Paragraph Right (11) : 

The invention is additionally directed to a process for producing an essential oil 
having increased nootkatone. An essential oil containing valencene and a composition 
comprising laccase are reacted in the presence of an oxygen source to form a mixture 
of an essential oil containing nootkatone. The mixture is heated to increase the 
amount of nootkatone. The essential oil containing the increased nootkatone is 
recovered. The starting concentration of the essential oil is greater than about 0.5%. 
The essential oil may be orange oil, bitter orange oil, grapefruit oil, lemon oil, 
and/or tangerine oil. The essential oil may be fractionated, for example, to form an 
extract or a distillate. 

Brief Summary Paragraph Right (12) : 

An enzymatic process which can successfully produce natural nootkatone in commercially 
viable quantities and with relatively few byproducts is disclosed. Laccase was used to 
catalyze the oxidation of valencene. Laccase from Botrytis cinerea, Trametes 
versicolor or other microbial sources, as well as laccase purchased from commercial 
vendors and/or generated using recombinant techniques, could be used in either a 
reaction composition or in an immobilized form. The pH range is from pH 3 to pH 7, 
with pH 3.5 being optimum. One or more mediators and/or solvent at a concentration to 
maintain laccase activity could also be added. It was also found that the methods 
could be used to transform a series of natural flavor chemicals due to the broad 
substrate specificity of the enzyme. 

Detailed Description Paragraph Right (1) : 

The invention is directed to a commercially viable method to produce natural 
nootkatone using laccase . Surprisingly, we found that the enzyme laccase 
(benzenediol:oxidoreductase:EC 1.10.3.2) can be used to catalyze valencene oxidation 
to nootkatone in commercially feasible yields. Laccase, either a monomeric or 
multimeric copper-containing glycoprotein, is a naturally occurring lignolytic enzyme 
found in woody plants that synthesize lignin and in fungal species that degrade 
lignin. 

Detailed Description Paragraph Right (2) : 

Laccase may be obtained from a microbial source, a commercial vendor (e .g ., Sigma) , or 
may be produced by recombinant DNA techniques using methods known to one skilled in 
the art. An example of a microbial source of laccase is white rot fungi such as 
Botrytis cinerea or Trametes versicolor. Laccase from Botrytis cinerea 61-34 and 
Trametes versicolor in a broth was a gift from Dr. James P. Nakas at the College of 
Environmental Science and Forestry at the State University of New York in Syracuse. 
The laccase activity level was 630-1130 nkat/ml. The enzyme is stable at least for six 
months under refrigeration (about 4. degree. C). 

Detailed Description Paragraph Right (4) : 

A mediator as used herein is defined as a diffusible molecule that is activated by an 
oxidative enzyme and diffuses from the active site on the enzyme to a susceptible 
structure. While laccase can function as a catalyst independently, it is known that 
the presence of certain mediators may enhance the laccase -catalyzed reaction. The 
following chemicals have been found to be active as mediators: 1-hydroxybenzotriazole 
(HBT) , 2, 2 ' -azino-bis (3 -ethylbenzthiazoline-6-sulf onic acid (ABTS) , ferulic acid, 
dimethyoxy benzyl alcohol, dimethamino benzoic acid, catechin, epicatechin, 
p-hydroxyphenylacetic acid, quercetin, chloropromazine, phenothiazine, naringin, 
promazine, homovanillic acid, 4 -amino-salicylic acid, syringic acid, 4 - hydroxy cinnamic 
acid, 4-amino-3-hydroxybenzoic acid, vanillic acid, isovanillic acid, caffeic acid, 
.alpha. -resorcylic acid, . beta . -resorcylic acid, .gamma . -resorcy lie acid, 
2 , 3-dihydroxybenzoic acid, 3 , 4 -dihydroxybenzoic acid, 4 -hydroxybenzoic acid, 
3-hydroxybenoic acid, 2 , 4 , 6- trihydroxybenzoic acid, benzoic acid, cinnamic acid, 
sodium benzoate and salicylic acid. Mediators used were purchased either from Sigma 
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Chemical Co. or Aldrich Chemical Co. It will be recognized by one skilled in the art 
that other related chemicals might also be useful as mediators. 

Detailed Description Paragraph Right (5) : 

Valencene and a composition having laccase activity were reacted in the presence of an 
oxygen source . A starting concentration of valencene of at least about 0 . 1% was 
required for commercial feasibility. When the composition having laccase activity was 
in solution, the concentration of valencene could be up to about 64% by weight. 

Detailed Description Paragraph Right (6) : 

Alternatively an enzyme such as laccase can be immobilized or bound on a solid 
support, as known to one skilled in the art. Examples of immobilization techniques are 
found in J. Mol . Cat. B: Enzymatic 6 (1999) 29-39; Chibata et al. Biocatalysis : 
Immobilized cells and enzymes, J. Mol. Cat. 37(1986) 1-24; Sharma et al . , Immobilized 
Biomaterials Techniques and Applications, Angew. Chem. Int. Ed. Engl. 21(1982) 
837-854; Laskin (Ed.), Enzymes and Immobilized Cells in Biotechnology, which are 
expressly incorporated by reference herein in its entirety. It is generally known that 
an immobilized enzyme often shows increased resistance to organic solvents as compared 
to the enzyme in the unbound state. Thus, it can be assumed that once laccase is 
immobilized or stabilized by other methods such as cross-linked enzyme crystals (Altus 
Biologies, Inc.), higher concentrations of valencene may be used. When immobilized on 
a solid support, for example on a column, the concentration of valencene in the 
reaction mixture could approach 100%. Therefore, various changes, modifications or 
alternations to laccase or the reaction conditions may be made without departing from 
the spirit or scope of the invention. 

Detailed Description Paragraph Right (7) : 

The oxygen source may be pure oxygen or a mixture of gases containing oxygen, such as 
air or other gas mixtures. Optionally, one or more mediators may be included at a 
concentration up to about 50 mM, preferably at a concentration greater than 0.1 mM and 
up to about 5 mM, to enhance the reaction. Preferred mediators are HBT, ferulic acid, 
4- hydroxy cinnamic acid, p-hydroxyphenyl acetic acid and .beta . -resorcylic acid, with 
HBT especially preferred. Also, one or more solvents such as water, hexane or other 
hydrocarbons may be included at concentrations which maintain laccase activity, 
defined as conditions under which laccase is able to catalyze the reaction. These 
conditions include proper pH, which for laccase is in the range of about pH 3-7, 
optimally pH 3.5. Other reaction conditions include the use of solvents that do not 
denature the enzyme and a certain moisture level for the enzyme to be in the proper 
configuration to achieve catalysis. Unless otherwise noted, reactions were performed 
in 0.1 M citrate buffer (pH 3.5). 

Detailed Description Paragraph Right (13) : 

The measurement of laccase activity was based on the oxidative dimerization of 
2 , 6-dimethoxyphenol (DMOP) , as described in Slomczynski et al . 1995, which is 
expressly incorporated herein by reference in its entirety. Briefly, to 500 .mu.l of 5 
mM 2,6-DMOP was added 500 .mu.l of 0.1 M citrate NaOH (pH 3.5), followed by a 10 .mu.l 
aliquot of enzyme dilution. Reaction mixtures were monitored spectrophotometrically at 
477 nm. 

Detailed Description Paragraph Right (21) : 

The enzymatic oxidation of valencene was carried out in a 1 . 5 liter reaction vessel 
(New Brunswick Scientific). The reaction mixture consisted of 450 ml of 0 . 1 M citrate 
buffer (pH 3.5), 2.5 ml of 0.1 M HBT, 2.5 ml of Tween-80, 2.5 ml of valencene and 50 
ml of Botrytis fermentation broth ( laccase activity level of 110 nkat/ml) . Air was 
used as a source of oxygen and was supplied in the manner of high-speed agitation 
(about 500-700 rpm) . The reaction was carried out at room temperature (about 
25. degree. C . -30 . degree . C). After two days, the reaction was stopped by changing the 
pH of the mixture to 9.0 with sodium carbonate and heating in a boiling water bath for 
two hours . 

Detailed Description Paragraph Right (23) : 

The enzymatic oxidation of valencene was carried out in a two liter reaction vessel. 
The reaction mixture consisted of 1405 ml of 0.1 M citrate buffer (pH 3.5), 30 ml of 
0.1 M HBT, 30 ml of Tween-80, and 30 ml of valencene. The reaction was initiated by 
adding 5 ml of fermentation broth from Trametes versicolor ( laccase activity level of 
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11 nkat/ml) . Air was used as a source of oxygen and was supplied in the manner of 
agitation at 350 rpm. The reaction was carried out at a temperature of 30. degree. C. 
The reaction was stopped after nine days and the product was recovered as in Example 
1. The overall yield of nootkatone from this reaction was 22 . 38% . sup. w/w. The 
unreacted valencene was 37.34 %. sup. w/w. 

Detailed Description Paragraph Right (24) : 

In a shake flask, a reaction mixture (20 ml) consisting of 0.1 M citrate buffer (pH 
3.5), HBT mediator (0.5-16 mM final concentration), Tween-80 (0.5%), valencene 
(0.5-64%) and laccase (activity level of 60 nkat/ml) were incubated at 30. degree. C. 
with shaking at 225 rpm for 48 hours. When the reaction was stopped, a 2 ml sample was 
taken from each flask and extracted with 1.2 ml of methylene chloride. The separated 
solvent layer was analyzed by GC. The area percentage corresponding to valencene and 
nootkatone are listed below. 

Detailed Description Paragraph Right (25) : 

The conversion of valencene to nootkatone in the presence and absence of laccase 
and/or a mediator was evaluated. The total reaction volume in each flask was 10 ml. 
Laccase was from Botrytis cinerea at an activity level of 60 nkat/ml. The mediator was 
HBT at a final concentration of 0.5 mM. The starting substrate (valencene) was at 
0.5%. After four days, the reaction mixtures were extracted with methylene chloride 
and the separated organic phases were analyzed by GC. The results are shown below. 

Detailed Description Paragraph Right (26) : 

In the total reaction volume of 10 ml, consisting of laccase at a level of 620 
nkat/ml, 0.5% of valencene as the substrate and 0.5% of Tween-80, the following 
compounds at a concentration of 0.5 mM were tested as mediators: 

1-hydroxybenzotriazole (HBT) , 2 , 2 ' -azino-bis (3 -ethylbenzthiazoline-6-sulf onic acid 
(ABTS) , ferulic acid (FA) , dimethyoxy benzyl alcohol (DBA) and dimethamino benzoic 
acid (DBAD) . The following table indicates the relative amount of valencene and 
nootkatone after four days of reaction in the presence of various mediators. 

Detailed Description Paragraph Right (27) : 

In a reaction volume of 20 ml consisting of laccase at 60 nkat/ml, 1% of valencene as 
the substrate and 1% of Tween-80, the following compounds were tested at a 
concentration of 5 mM as the mediators: catechin, epicatechin, p-hydroxyphenyl acetic 
acid, quercetin, chloropromazine, phenothiazine, naringin, promazine, homovanillic 
acid, 4-amino-salicylic acid, syringic acid, 4 -amino-3 -hydroxybenzoic acid, vanillic 
acid, caffeic acid, protocatechuic acid, . alpha . -resorcylic acid, .beta . -resorcylic 
acid, .gamma. -resorcylic acid, 2 , 3 -dihydroxybenzoic acid, 4 -hydroxybenzoic acid, 
3 -hydroxybenzoic acid, 2 , 4 , 6-trihydroxybenzoic acid, benzoic acid, cinnamic acid, 
isovanillic acid, sodium benzoate and salicylic acid. In each case, the conversion 
rate was two to eight times greater than that observed in the absence of a mediator, 
which indicates that these compounds function as mediators in the process. 

Detailed Description Paragraph Right (28) : 

The reaction mixture at a volume of 10 ml, consisting of laccase from Botrytis cinerea 
at a level of 60 nkat/ml, 0.5% of valencene as the substrate, 0.5% of Tween-80, HBT as 
the mediator at a final concentration of 0 . 5 mM, and buffers (0.1 M) to adjust the pH, 
was incubated at 30. degree. C. with shaking at 225 rpm. After six days of reaction, 2 
ml samples were taken from each flask and extracted with methylene chloride before GC 
analysis. The following table lists the results under different pH conditions. 

Detailed Description Paragraph Right (29) : 

The enzymatic oxidation of orange oil containing valencene was carried out in a 1.5 
liter vessel. The reaction broth, consisting of 875 ml of 0 . 1 M citrate buffer (pH 
3.5), 5 ml of Tween-80, 5 ml of 0.1 M HBT, 5 ml of orange oil and 100 ml laccase broth 
from Botrytis cinerea (at an activity level of 63 nkat/ml) , was incubated at 
30. degree. C. with agitation of 500 rpm. After four days, the product after Kugelrohr 
distillation was recovered following the procedure as detailed in Example 1. Analysis 
by GC/MS confirmed the presence of nootkatone in the product. 

Detailed Description Paragraph Right (31) : 

It should be understood that the embodiments of the present invention shown and 
described in the specification are only embodiments of the inventors who are skilled 
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in the art and are not limiting in any way. For example, the enzyme bound to a solid 
support may increase the stability of the enzyme and its tolerance to organic 
solvents. As another example, a large variety of chemicals can function as mediators. 
As still another example, oxidation of other substrates such as caryophyllene, 
phenylpyruvic acid, guaiene, anethole, farnesol and hop oil by laccase may be included 
to produce flavors. Therefore, various changes, modifications or alterations to these 
embodiments may be made or resorted to without departing from the spirit of the 
invention and the scope of the following claims. 

Detailed Description Paragraph Center (6) : 
Measurement of Laccase Activity 

Detailed Description Paragraph Table (1) : 

Starting valencene level (%) Valencene (area %) Nootkatone (area %) 0.5 32.10 17.09 1 
32.97 15.70 2 41.89 9.41 4 57.97 4.25 8 68.42 2.47 16 81.02 0.85 32 82.12 0.33 48 
83.92 0.03 64 84.35 0.02 64 91.12 0.004 (before adding laccase ) 

Detailed Description Paragraph Table (2) : 

Laccase Mediator Valencene (area %) Nootkatone (area %) + + 40.45 43.79 + - 72.86 
10.80 - + 85.50 2.96 

Other Reference Publication (2) : 

Potthast et al . , A novel method for the converison of benzyl alcohols to benzaldehydes 
by laccase -catalyzed oxidation, Journal of Molecular Catalysis A: Chemical 108 (1996), 
pp. 5-9. 

Other Reference Publication (5) : 

Johannes et al . , Degradation of anthracene by laccase of Trametes versicolor in the 
prsence of differetn mediator compounds, Appl . Microbiol. Biotechnol . vol. 46, p. 
313-317 (1996) . 

Other Reference Publication (6) : 

Miyakoshi et al . , Dehydrogenative Polymerization of Isoeugenol and Coniferyl Alcohol 
by Laccases, ISWPC, p. 103-104 (1997) . 

Other Reference Publication (7) : 

Jonsson et al., Detoxification of wood hydrolysates with laccase and peroxidase from 
the white-rot fungus Trametes versicolor, Appl Microbiol Biotechnol, 49, p. 691-697 
(1998) . 

Other Reference Publication (10) : 

Kristopaitis et al . , Fungal peroxidase- and laccase -catalyzed oxidation of 
1-hydroxybenzotriazole, ISSN 1392-0146. Biologija. No. 4, p. 33-38 (1986). 

Other Reference Publication (12) : 

Sugumaran et al., Laccase - and Not Tyrosinase- -Is the Enzyme Responsible for Quinone 
Methide Production from 2 , 6-Dimethoxy-4 -allyl Phenol, Archives of Biochemistry and 
Biophysics, vol. 353, No. 2, p. 207-212, May (1988). 

Other Reference Publication (13) : 

Eggert, Laccase -catalyzed formation of cinnabarinic acid is responisble for 
antibacterial activity of Pycnoporus cinnabarinus , Microbiol. Res. 152, p. 315-318 
(1997) . 

Other Reference Publication (14) : 

Garzillo et al . , Laccase from the white-rot fungus Trametes trogii, Appl. Microbiol 
Biotechnol, vol. 49, p. 545-551 (1998). 

Other Reference Publication (15) : 

Xu et al., Mediator-assisted selective oxidation of lignin model compounds by laccase 
from Botrytic cinerea, Biotechnology Letters, 19, No. 10, p. 957-960 (1997) . 

Other Reference Publication (16) : 

Johannes et al . , Oxidation of acenaphthene and acenaphthylene by laccase of Trametes 
versicolor in a laccase mediator system, Journal of Biotechnology, 61, p. 151-156 
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(1998) . 

Other Reference Publication (17) : 

Collins et al . , Oxidation of Anthracene and Benzo [a] pyrene by Laccases from Trametes 
versicolor, Appl . Environ. Microbiol., 61, 12, p. 4563-4567 Dec. (1996). 

Other Reference Publication (18) : 

Malovik et al . , Oxidation of Lignins and Their Components by Oxygen in the Presence of 
Laccase from Polyporus verwsicolor, Lignin Detection by an Enzyme Electrode, 
Collection Czechoslovak Chem. Commun., vol. 49, p. 1390-1394 (1984). 

Other Reference Publication (19) : 

Bourbonnais et al., Oxidation of non-phenolic substrates, An expanded role for laccase 
in lignin biodegradation, Federation of European Biochemical Societies, vol. 267, No. 
1, p. 99-102 (1990) . 

Other Reference Publication (20) : 

Bohmer et al., Oxidation of Phenanthrene by a Fungal Laccase in the Presence of 
1-Hydroxybenzotriazole and Unsaturated Lipids, Biochemical and Biophysical Research 
Communications 244, 233-238 (1998). 

Other Reference Publication (21) : 

Majcherczyk et al . , Oxidation of polycyclic aromatic hydrocarbons (PAH) by laccase of 
Trametes versicolor, Enzyme Microb. Technol . , vol. 22, p. 335-341 Apr. (1988). 

Other Reference Publication (22) : 

Faure et al . , Phenolic Derivatives Related to Lignin Metabolism as Substrates for 
Azospirillum Laccase Activity, Phytochemistry, vol. 42, No. 2, p. 357-359 (1996). 

Other Reference Publication (23) : 

Slomczynski et al . , Production and Characterization of Laccase from Botrytis cinerea 
61-34, Applied and Environmental Microbiology, vol. 61, No. 3, p. 907-912 (1995). 

Other Reference Publication (26) : 

Fritz-Langhals et al . , Synthesis or aromatic aldehydes by laccase-mediator assisted 
oxidation, Tetrahedron Letters, 39, p. 5955-5956 (1996) . 

CLAIMS : 

1. A process for producing nootkatone comprising: 

(a) reacting valencene and a composition having laccase activity, wherein valencene is 
at a concentration of greater than 0.1%, in the presence of an oxygen source to form 
valencene hydroperoxide, 

(b) degrading the hydroperoxide to form nootkatone, and 

(c) recovering nootkatone. 

5. The process of claim 1 wherein laccase is from a microbial source. 

8. The process of claim 1 wherein the laccase is from a recombinant DNA. 

9. The process of claim 1 further comprising adding a mediator to the valencene and 
the composition having laccase activity. 

13. The process of claim 1 wherein the valencene and the composition having laccase 
activity are reacted for at least about 24 hours prior to heating to form the 
valencene hydroperoxide. 

15. The process of claim 1 further comprising adding a solvent at a concentration to 
maintain laccase activity to the valencene and the composition having laccase 
activity. 

17. The process of claim 1 wherein the laccase is immobilized. 
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18. A process for making nootkatone comprising: 

(a) reacting valencene and a composition comprising laccase selected from the group 
consisting of Botrytis cinerea 61-34, Trametes versicolor and combinations thereof, 
wherein the concentration of valencene is greater than 0.1%, in the presence of a 
mediator and an oxygen source at a pH between about 3-7 to form valencene 
hydroperoxide , 

(b) degrading the valencene hydroperoxide to form nootkatone, and 

(c) recovering nootkatone. 

26. A process for producing valencene hydroperoxide comprising reacting valencene, a 
composition having laccase activity and an oxygen source under conditions to form said 
valencene hydroperoxide. 

29. The process of claim 26 further comprising adding a solvent at a concentration 
that maintains laccase activity. 

30. A process for producing nootkatone comprising 

(a) reacting valencene and an immobilized laccase in the presence of an oxygen source 
to form valencene hydroperoxide, 

(b) heating to degrade the valencene hydroperoxide to form nootkatone, and 

(c) recovering nootkatone. 

32. The process of claim 30 further comprising adding a mediator to the valencene and 
the immobilized laccase . 

33. The process of claim 30 further comprising adding a solvent at a concentration to 
maintain laccase activity to the valencene and the immobilized laccase . 

34. A process for producing an essential oil having increased nootkatone content 
comprising 

(a) reacting an essential oil containing valencene and a composition comprising 
laccase in the presence of an oxygen source to form a mixture of the essential oil 
containing nootkatone, 

(b) heating the mixture to increase the amount of nootkatone, and 

(c) recovering the essential oil containing the increased nootkatone. 
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DOCUMENT- IDENTIFIER : US 6169065 Bl 

TITLE: Method for the activity of an enzyme 



Brief Summary Paragraph Right (1) : 

The present invention generally relates to the activation of enzymes by means of 
enhancing agents . More in particular, the invention is concerned with the activation 
of oxidoreductases, especially the activation of peroxidase in a process for bleaching 
fabrics during washing. 

Brief Summary Paragraph Right (2) : 

Oxidoreductases are enzymes concerned with biological oxidation and reduction, and 
therefore with respiration and fermentation processes. The class of oxidoreductases 
includes oxidases, laccases (1.10.3), peroxidases (1.11.1.7) and oxygenases. The use 
of peroxidase and laccase enzymes in a process for the oxidation of a wide variety of 
substrates is already known. For example, the use of peroxidases for bleaching fabrics 
during washing has been suggested in EP-A-424 398 (Novo Nordisk) . WO-A-91/05839 (Novo 
Nordisk) describes the inhibition of dye transfer during the wash by means of 
peroxidase or an enzyme exhibiting oxidase activity on phenolic compounds. The 
compositions are said to bleach any dissolved textile dye so that no dye can redeposit 
upon the fabric. U.S. Pat. No. 4,690,895 (Repligen Corporation) discloses the use of a 
specific peroxidase, namely ligninase, to bleach or decolorize Kraft pulp for the 
production of paper. 

Brief Summary Paragraph Right (5) : 

WO-A- 97/ 06244 (Ciba) discloses various other compounds as enhancers for peroxidase and 
laccase systems, such as substituted naphtols, barbituric acids, and substituted 
coumarins . 

Brief Summary Paragraph Right (11) : 

The enzymatic bleach compositions according to the invention comprise, as a first 
constituent, an oxidoreductase . The enzyme may either be an enzyme exhibiting 
peroxidase activity (which is then used together with a source of hydrogen peroxide) , 
or a phenol oxidising enzyme. A "phenol oxidising enzyme" is defined for the purpose 
of the present invention as an enzyme or a system in which an enzyme, by using 
hydrogen peroxide or molecular oxygen, is capable of oxidising organic compounds 
containing phenolic groups. Examples of such enzymes are peroxidases and oxidases. 
Suitable enzymes are disclosed in EP-A-495 835 (Novo Nordisk). For instance, suitable 
peroxidases may be isolated from and are producible by plants or micro-organisms such 
as bacteria or fungi. Preferred fungi are strains belonging to the class of the 
Basidiomycetes, in particular Coprinus, or to the class of Hyphomycetes , in particular 
Arthromyces, especially Arthromyces ramosus . Other preferred sources are 
Hormographiella sp. or Soybean peroxidase. Other relevant peroxidases are 
haloperoxidases (U.S. Pat. No. 4,3 97,192) such as chloride peroxidases, bromide 
peroxidases and iodide peroxidases. Other potential sources of useful peroxidases are 
listed in B.C. Saunders et al . , Peroxidases, London, 1964, pp 41-43. Also of interest 
are synthetic or semi -synthetic derivatives and models of such enzymes, such as those 
comprising iron- or manganese -porphyrin systems, microperoxidases , and iron- or 
manganese -phthalocyanine compounds, e.g. as described in U.S. Pat. No. 4,077,768, 
WO-A-91/05858 and WO-A- 92/16634 . Examples of suitable enzymes exhibiting oxidase 
activity on phenolic compounds are catechol oxidase and laccase and bilirubin oxidase. 



Brief Summary Paragraph Right (12) : 

In the context of this invention, laccase and laccase related enzymes contemplate any 
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laccase enzyme comprised by the enzyme classification (EC . sub .1.10.3.2) , any catechol 
oxidase enzyme comprised by the enzyme classification (EC 1.10.3.1), any bilirubin 
oxidase enzyme comprised by the enzyme classification (EC . sub. 1 . 3 . 3 . 5) or any 
monophenol monooxygenase enzyme comprised by the enzyme classification 
(EC. sub. 1.14. 99. 1) . The laccase enzymes are known from microbial and plant origin. The 
microbial laccase enzyme may be derived from bacteria or fungi (including filamentous 
fungi and yeasts) and suitable examples include a laccase derivable from a strain of 
Aspergillus, Neurospora, e.g. N. crasse, Podospora, Botrytis, Collybia, Fomes, 
Lentinus, Pleurotus, Trametes, (previously called Polyporus), e.g. T. villosa and T. 
versicolor, Rhizoctonia, e.g. R. solani, Coprinus, e.g. C. plicatilis and C. cinereus, 
Psatyrella, Myceliophthora, e.g. M. thermophylia, Schytalidium, Phlebia, e.g. P. 
radita (WO-A-92/01046) orCoriolus, e.g. C. hirsutus (JP-A-2 -238885) . 

Brief Summary Paragraph Right (13) : 

The laccase or the laccase related enzyme may furthermore be one which is reproducible 
by a method comprising cultivating a host cell transformed with a recombinant DNA 
vector which carried a DNA sequence encoding said laccase as well as DNA sequence 
encoding functions permitting the expression of the DNA sequence encoding laccase, in 
a culture medium under conditions permitting the expression of the laccase enzyme and 
the recovering the laccase from the culture. 

Brief Summary Paragraph Right (16) : 

If a laccase or laccase -related system is used, the oxidizing agent used in the 
degradation process according to the invention is (molecular) oxygen. This may be 
supplied conveniently as air or pure oxygen, optionally with the application of 
pressure. The laccase, or laccase -related system is, however, not limited to solely 
dioxygen, and any or more of the above bleaching systems may be conveniently employed. 



Brief Summary Paragraph Right (20) : 

The enzymatic bleach compositions of the invention comprise about 0.001 to 50 
milligrams of active enzyme per gram of detergent composition. Preferably, they 
comprise 0.001 to 5 milligrams of active enzyme protein per gram of detergent 
composition, more preferably 0.005 to 1.0 milligrams per gram. More conveniently, the 
amount of oxidoreductase enzyme is expressed as units of enzyme activity. The amount 
of peroxidase enzyme can be usefully expressed in ABTS 

(2,2 ' -azino-bis (3 -ethylbenzothiazoline-6 -sulphonic acid) units. One ABTS unit 
represents the amount of enzyme which oxidizes ABTS, resulting in an increase of 1 
unit optical density at 418 nm in one minute. Conditions for the activity assay are 2 
mM ABTS, 1 mM H.sub.2 O.sub.2, 20 mM Tris, pH 9. The amount of laccase can also be 
expressed in ABTS units, using slightly different conditions because of the pH optimum 
of laccase (2 mM ABTS in 2 0 mM sodium phosphate buffer pH 6.0 at 25. degree. C.) . 

Brief Summary Paragraph Right (34) : 

The bleach system may contain apart from the hydrogen peroxide source, as disclosed 
above, also a peracid- forming bleach activator such as tetraacetylethylenediamine 
(TAED) or N, N-phthaloylaminoperoxy caproic acid (PAP) . Alternatively, inorganic 
peroxyacids like potassium monoper sulphate (MPS) may be employed. Alkyl hydroperoxides 
are another class of peroxy bleaching compounds. Examples of these materials include 
t-butyl hydroperoxide and cumene hydroperoxide . Optionally, bleach catalysts can be 
included. Such compounds are well known in the art and include, for example, 
manganese-based catalysts as disclosed in U.S. Pat. No. 5,246,621, U.S. Pat. No. 
5,244,594, U.S. Pat. No. 5,194,416, U.S. Pat. No. 5,114,606, EP-A-458 397 and EP-A-458 
397 or the iron-based catalysts as disclosed in WO-A- 95/34628 . 

Detailed Description Paragraph Right (20) : 

The laccase activity is measured on a spectrophotometer with 2 mM ABTS in 2 0 mM sodium 
phosphate buffer pH 6.0 at 2 5. degree. C. The oxidation of Reactive Black 5 (RB5) is 
monitored at 575 nm. The reagents are added, using a pipette, in the following order, 
to a 1-cm cuvette: aqueous tris buffer pH 9 (20 mM) or sodium phosphate buffer pH 6 . 0 
(20 mM) , RB5 (67 .mu.M), enhancer (67 .mu.M) , and laccase (Polyporus pinsitus, 30 
units/ml) . The reaction was carried for 3 hours at room temperature. The difference in 
absorbance between t=0 and t=3 hours is a measure of the enhancing activity of the 
system tested. The results are shown in the table. 
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Detailed Description Paragraph Right (22) : 

Laccase [30 u/ml] , RB5 [67 .mu.M], Enhancers [67 .mu.M] . The values listed are the 
decrease in absorbance at 605 nm after 3 h. 

Detailed Description Paragraph Right (23) : 

The oxidation of Direct Green 26 (DG26) is monitored at 605 nm in a spectrophotometer. 
The reagents are added, using a pipette, in the following order, to a 1-cm cuvette: 
aqueous tris buffer pH 9 (20 mM) or sodium phosphate buffer pH 6 . 0 (20 mM) , DG26 (67 
.mu.M), enhancer (67 .mu.M), and laccase (Polyporus pinsitus, 30 units/ml). The 
reaction was carried for 3 hours at room temperature. The difference in absorbance 
between t=l and t=3 h is a measure of the enhancing activity of the system tested. The 
results are shown in the table. 

Detailed Description Paragraph Right (25) : 

Laccase [30 u/ml], DG26 [67 .mu.M], Enhancers [67 .mu.M]. The values listed are the 
decrease in absorbance at 605 nm after 3 h. 

Detailed Description Paragraph Right (26) : 

Examples 3-7 show that 4-aza-PTP shows excellent enhancing capabilities both with 
peroxidase as well as with laccase, especially at lower concentrations (see Example 
5) . 
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Laccase [30 u/ml] , RB5 [67 .mu.M] , Enhancers [67 .mu.M] . The values listed are the 
decrease in absorbance at 605 nm after 3 h. 

Detailed Description Paragraph Right (8) : 

The oxidation of Direct Green 26 (DG26) is monitored spectrophotometrically at 605 nm 
in a spectrophotometer. The reagents are added, using a pipette, in the following 
order, to a 1-cm cuvette: aqueous tris buffer pH 9 (20 mM) or sodium phosphate buffer 
pH 6.0 (20 mM) , DG26 (67 .mu.M), enhancer (67 .mu.M), and laccase (Polyporus pinsitus, 
30 units/ml). The reaction was carried for 3 hours at room temperature. The difference 
in absorbance between t=0 and t=3 h is a measure of the enhancing activity of the 
system tested. The results are shown in the table. 

Detailed Description Paragraph Right (9) : 

Laccase [30 u/ml], DG6 [67 .mu.M], Enhancers [67 .mu.M]. The values listed are the 
decrease in absorbance at 605 nm after 3 h. 
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Jan 2, 



2001 



DOCUMENT- IDENTIFIER: US 6169065 Bl 

TITLE: Method for the activity of an enzyme 



Brief Summary Paragraph Right (1) : 

The present invention generally relates to the activation of enzymes by means of 
enhancing agents . More in particular, the invention is concerned with the activation 
of oxidoreductases, especially the activation of peroxidase in a process for bleaching 
fabrics during washing. 

Brief Summary Paragraph Right (2) : 

Oxidoreductases are enzymes concerned with biological oxidation and reduction, and 
therefore with respiration and fermentation processes. The class of oxidoreductases 
includes oxidases, laccases (1.10.3), peroxidases (1.11.1.7) and oxygenases. The use 
of peroxidase and laccase enzymes in a process for the oxidation of a wide variety of 
substrates is already known. For example, the use of peroxidases for bleaching fabrics 
during washing has been suggested in EP-A-424 398 (Novo Nordisk) . WO-A-91/05839 (Novo 
Nordisk) describes the inhibition of dye transfer during the wash by means of 
peroxidase or an enzyme exhibiting oxidase activity on phenolic compounds. The 
compositions are said to bleach any dissolved textile dye so that no dye can redeposit 
upon the fabric. U.S. Pat. No. 4,690,895 (Repligen Corporation) discloses the use of a 
specific peroxidase, namely ligninase, to bleach or decolorize Kraft pulp for the 
production of paper. 

Brief Summary Paragraph Right (5) : 

WO-A-97/06244 (Ciba) discloses various other compounds as enhancers for peroxidase and 
laccase systems, such as substituted naphtols, barbituric acids, and substituted 
coumarins . 

Brief Summary Paragraph Right (11) : 

The enzymatic bleach compositions according to the invention comprise, as a first 
constituent, an oxidoreductase . The enzyme may either be an enzyme exhibiting 
peroxidase activity (which is then used together with a source of hydrogen peroxide) , 
or a phenol oxidising enzyme. A "phenol oxidising enzyme" is defined for the purpose 
of the present invention as an enzyme or a system in which an enzyme, by using 
hydrogen peroxide or molecular oxygen, is capable of oxidising organic compounds 
containing phenolic groups. Examples of such enzymes are peroxidases and oxidases. 
Suitable enzymes are disclosed in EP-A-495 835 (Novo Nordisk). For instance, suitable 
peroxidases may be isolated from and are producible by plants or micro-organisms such 
as bacteria or fungi. Preferred fungi are strains belonging to the class of the 
Basidiomycetes, in particular Coprinus, or to the class of Hyphomycetes , in particular 
Arthromyces, especially Arthromyces ramosus . Other preferred sources are 
Hormographiella sp. or Soybean peroxidase. Other relevant peroxidases are 
haloperoxidases (U.S. Pat. No. 4,3 97,192) such as chloride peroxidases, bromide 
peroxidases and iodide peroxidases. Other potential sources of useful peroxidases are 
listed in B.C. Saunders et al . , Peroxidases, London, 1964, pp 41-43. Also of interest 
are synthetic or semi -synthetic derivatives and models of such enzymes, such as those 
comprising iron- or manganese -porphyrin systems, microperoxidases , and iron- or 
manganese-phthalocyanine compounds, e.g. as described in U.S. Pat. No. 4,077,768, 
WO-A-91/05858 and WO-A- 92/16634 . Examples of suitable enzymes exhibiting oxidase 
activity on phenolic compounds are catechol oxidase and laccase and bilirubin oxidase. 



Brief Summary Paragraph Right (12) : 

In the context of this invention, laccase and laccase related enzymes contemplate any 
laccase enzyme comprised by the enzyme classification (EC. sub. 1 . 10 . 3 . 2) , any catechol 
oxidase enzyme comprised by the enzyme classification (EC 1.10.3.1), any bilirubin 



1 of 3 



5/25/02 3:27 PM 



Record Display Form 



http://westbrs:8002/bin/gate.exe?f=doc 1 &..XWIC&p_doc_2=&p_doc_3=&p_doc_4=&p_doc_5= 



oxidase enzyme comprised by the enzyme classification (EC . sub .1.3.3.5) or any 
monophenol monooxygenase enzyme comprised by the enzyme classification 
(EC. sub. 1.14. 99. 1) . The laccase enzymes are known from microbial and plant origin. The 
microbial laccase enzyme may be derived from bacteria or fungi (including filamentous 
fungi and yeasts) and suitable examples include a laccase derivable from a strain of 
Aspergillus, Neurospora, e.g. N. crasse, Podospora, Botrytis, Collybia, Fomes, 
Lentinus, Pleurotus, Trametes, (previously called Polyporus) , e.g. T. villosa and T. 
versicolor, Rhizoctonia, e.g. R. solani, Coprinus, e.g. C. plicatilis and C. cinereus, 
Psatyrella, Myceliophthora, e.g. M. thermophylia, Schytalidium, Phlebia, e.g. P. 
radita (WO-A-92/01046) or Coriolus, e.g. C. hirsutus ( JP-A-2-238885) . 

Brief Summary Paragraph Right (13) : 

The laccase or the laccase related enzyme may furthermore be one which is reproducible 
by a method comprising cultivating a host cell transformed with a recombinant DNA 
vector which carried a DNA sequence encoding said laccase as well as DNA sequence 
encoding functions permitting the expression of the DNA sequence encoding laccase, in 
a culture medium under conditions permitting the expression of the laccase enzyme and 
the recovering the laccase from the culture. 

Brief Summary Paragraph Right (16) : 

If a laccase or laccase -related system is used, the oxidizing agent used in the 
degradation process according to the invention is (molecular) oxygen. This may be 
supplied conveniently as air or pure oxygen, optionally with the application of 
pressure. The laccase, or laccase -related system is, however, not limited to solely 
dioxygen, and any or more of the above bleaching systems may be conveniently employed. 



Brief Summary Paragraph Right (20) : 

The enzymatic bleach compositions of the invention comprise about 0.001 to 50 
milligrams of active enzyme per gram of detergent composition. Preferably, they 
comprise 0.001 to 5 milligrams of active enzyme protein per gram of detergent 
composition, more preferably 0.005 to 1 . 0 milligrams per gram. More conveniently, the 
amount of oxidoreductase enzyme is expressed as units of enzyme activity. The amount 
of peroxidase enzyme can be usefully expressed in ABTS 

(2,2 1 -azino-bis (3 -ethylbenzothiazoline-6-sulphonic acid) units. One ABTS unit 
represents the amount of enzyme which oxidizes ABTS, resulting in an increase of 1 
unit optical density at 418 nm in one minute. Conditions for the activity assay are 2 
mM ABTS, 1 mM H.sub.2 O . sub . 2 , 2 0 mM Tris, pH 9. The amount of laccase can also be 
expressed in ABTS units, using slightly different conditions because of the pH optimum 
of laccase (2 mM ABTS in 20 mM sodium phosphate buffer pH 6.0 at 25. degree. C.) . 

Detailed Description Paragraph Right (20) : 

The laccase activity is measured on a spectrophotometer with 2 mM ABTS in 2 0 mM sodium 
phosphate buffer pH 6.0 at 25. degree. C. The oxidation of Reactive Black 5 (RB5) is 
monitored at 575 nm. The reagents are added, using a pipette, in the following order, 
to a 1-cm cuvette: aqueous tris buffer pH 9 (20 mM) or sodium phosphate buffer pH 6 . 0 
(20 mM) , RB5 (67 .mu.M), enhancer (67 .mu.M) , and laccase (Polyporus pinsitus, 30- 
units/ml). The reaction was carried for 3 hours at room temperature. The difference in 
absorbance between t=0 and t=3 hours is a measure of the enhancing activity of the 
system tested. The results are shown in the table. 

Detailed Description Paragraph Right (22) : 

Laccase [30 u/ml] , RB5 [67 .mu.M], Enhancers [67 .mu.M]. The values listed are the 
decrease in absorbance at 605 nm after 3 h. 

Detailed Description Paragraph Right (23) : 

The oxidation of Direct Green 26 (DG26) is monitored at 605 nm in a spectrophotometer. 
The reagents are added, using a pipette, in the following order, to a 1-cm cuvette: 
aqueous tris buffer pH 9 (20 mM) or sodium phosphate buffer pH 6 . 0 (20 mM) , DG26 (67 
.mu.M), enhancer (67 .mu.M), and laccase (Polyporus pinsitus, 30 units/ml). The 
reaction was carried for 3 hours at room temperature. The difference in absorbance 
between t=l and t=3 h is a measure of the enhancing activity of the system tested. The 
results are shown in the table. 

Detailed Description Paragraph Right (25) : 
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Laccase [30 u/ml] , DG26 [67 .mu.M] , Enhancers [67 .mu.M] . The values listed are the 
decrease in absorbance at 605 nm after 3 h. 

Detailed Description Paragraph Right (26) : 

Examples 3-7 show that 4-aza-PTP shows excellent enhancing capabilities both with 
peroxidase as well as with laccase, especially at lower concentrations (see Example 
5). 
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L8: Entry 1 of 15 



File: USPT 



May 7, 2002 



DOCUMENT- IDENTIFIER: US 6384007 Bl 

TITLE: Method and composition for enhancing the activity of an enzyme 



Brief Summary Paragraph Right (1) : 

The present invention generally relates to the activation of redox enzymes by means of 
enhancing agents . More in particular, the invention is concerned with the activation 
of phenol oxidizing enzymes, especially in a process for bleaching stains on fabrics 
during washing. 

Brief Summary Paragraph Right (3) : 

Examples of phenol oxidizing enzymes which use molecular oxygen as electron acceptor 
are laccases (EC 1.10.3.2), bilirubin oxidases (EC 1.3.3.5), mono phenol oxidizing 
enzymes (EC 1.14.18.1), catechol oxidases (EC 1.10.3.1). Phenol oxidizing enzymes that 
use hydrogen peroxide as electron acceptor are called peroxidases. 

Brief Summary Paragraph Right (17) : 

In the context of this invention, phenol oxidizing enzymes which use oxygen as the 
oxidant, comprise any laccase comprised by the enzyme classification (EC 1.10.3.2), 
any catechol oxidase enzyme comprised by the enzyme classification (EC 1.10.3.1), any 
bilirubin oxidase enzyme comprised by the enzyme classification (EC 1.3.3.5) or any 
monophenol monooxygenase enzyme comprised by the enzyme classification (EC 1.14.99.1). 
The phenol oxidizing enzymes are known from microbial and plant origin. The microbial 
phenol oxidizing enzyme may be derived from bacteria or fungi (including filamentous 
fungi and yeasts) and suitable examples include a phenol oxidizing enzyme derivable 
from a strain of Aspergillus, Neurospora, e.g. N. crasse, Podospora, Botrytis, 
Collybia, Fomes, Lentinus, Pleurotus, Trametes, (previously called Polyporus) , e.g. T. 
villosa and T. versicolor, Rhizoctonia, e.g. R. solani, Coprinus, e.g. C. plicatilis 
and C. cinereus, Psatyrella, Myceliophthora , e.g. M. thermophylia, Schytalidium, 
Phlebia, e.g. P. radita (WO-A-92/01046) , Coriolus, e.g. C. hirsutus (JP-A-2 -238885) , 
Acremonium, e.g. A. murorum (WO-A-00/05349) or Stachybotrys , e.g. Stachybotrys 
chartarum or Stachybotrys parvispora (WO-A- 99/49010) (Unilever) . 
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File: USPT Feb 12, 2002 



DOCUMENT- IDENTIFIER: US 6346401 Bl 

TITLE: Modification of polysaccharides by means of a phenol oxidizing enzyme 
Abstract Paragraph Left (1) : 

The present invention deals with a process for oxidation of a hydroxy group of C.sub.l 
and/or C.sub.2 and/or C.sub.3 and/or C.sub.4 and/or C.sub.5 and/or C.sub.6 of a sugar 
monomer of an oligo- or a polysaccharide comprising contacting, in an aqueous medium, 
the oligo- or the polysaccharide with a phenol oxidizing enzyme and an enhancing 
agent , whereby an oligo- or a polysaccharide with altered characteristics compared to 
the native oligo- or polysaccharide is created. 

Detailed Description Paragraph Right (23) : 

Based on this finding it is now possible to carry out chemical modification of oligo- 
or polysaccharides, fabric, yarn etc. containing soluble or insoluble polymer fibres, 
especially cellulosic fibres, by an enzymatic process in which a phenol oxidizing 
enzyme such as a peroxidase or a laccase, in combination with an enhancing agent, 
catalyzes the introduction of new functional groups in the oligo- or polysaccahride 
such as carbonyl groups and/or carboxylate groups. 

Detailed Description Paragraph Right (26) : 

This enzymatically modified oligo- or polysaccharide is a good starting material for 
further modifications because carbonyl and carboxylate groups are reactive groups 
compared to hydroxy groups. Hereby textiles, fibres, yarns etc. with improved 
properties can be made. Examples of such properties are permanent press, softening, 
soil release, water repellancy and flame retardancy. The present invention provides a 
process by which, depending on the choice of conditions, ( enzyme, e nhancing agent, 
temperature, pH etc.) one or more of the desired properties may be obtained or 
improved in an easy, economical and environmentally friendly way. The wanted 
properties of the oligo- and polysaccharides will typically be achieved by further 
modifications, after the enzymatically oxidation according to the invention, by other 
means such as chemically and/or enzymatically modifications. 

Detailed Description Paragraph Right (33) : 

Examples of suitable phenol oxidizing enzymes i.e. enzymes which act on aromatic 
compounds, in particular phenolic and/or polyphenolic compounds, are peroxidases (EC 
l.H.1.7), laccases (EC 1.10.3.2), bilirubin oxidases (EC 1.3.3.5) monophenol 
monooxygenases (EC 1.14.18.1) and catechol oxidases (EC 1.10.3.1) 

Detailed Description Paragraph Right (42) : 

Suitable laccase enzymes are known from microbial and plant origin. The microbial 
laccase enzyme may be derived from bacteria or fungi (including filamentous fungi and 
yeasts) and suitable examples include a laccase derivable from a strain of 
Aspergillus, Neurospora, e.g., N. crassa, Podospora, Botrytis, Collybia, Fomes, 
Lentinus, Pleurotus, Trametes, e.g., T. villosa and T. versicolor, Rhizoctonia, e.g., 
R. sciani, Coprinus, e.g. C. plicatilis and C. cinereus, Psatyrella, Myceliophthora , 
e.g. M. thermophila, Scytalidium, Polyporus, e.g., P. pinsitus, Phlebia, e.g., P. 
radita (WO 92/01046), or Coriolus , e.g., C. hirsutus (JP 2-238885), in particular 
laccases obtainable from Trametes, Myceliophthora, Scytalidium or Polyporus. 

Detailed Description Paragraph Right (68) : 

Trametes villosa lacase (TVL) (previously called Polyporus pinsitus laccase ) 
(obtainable from Novo Nordisk A/S) . 

Detailed Description Paragraph Left (5) : 
Laccases 
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L8 : Entry 5 of 15 



File: USPT 



May 8, 2001 



DOCUMENT- IDENTIFIER: US 6228128 Bl 
TITLE: Antimicrobial activity of laccases 



Abstract Paragraph Left (1) : 

A method for antimicrobial treatment of microorganisms and/or viruses which involves 
treating the microorganisms and/or viruses with an effective amount of a fungal 
laccase and one or more enhancers in the presence of oxygen, the enhancers having the 
formula: ##STR1## 

Brief Summary Paragraph Right (1) : 

The present invention relates to a method of antimicrobial treatment using a 
combination of a laccase enzyme and an enhancer capable of killing or inhibiting 
microorganisms, more specifically microorganisms present in laundry, on hard surfaces, 
on skin, teeth or mucous membranes; and for preserving food products, cosmetics, 
paints, coatings, etc., the composition comprising a laccase enzyme and an enhancing 
agent acting as an electron donor. 

Brief Summary Paragraph Right (4) : 

WO 95/27046 discloses an antimicrobial composition comprising a Vanadium 
chloroperoxidase, halide ions, and hydrogen peroxide or a hydrogen peroxide-generating 
agent. Laccase is an enzyme catalyzing the oxidation of substrates according to the 
general formula: ##EQU1## 

Brief Summary Paragraph Right (9) : 

Treatment of microorganisms and/or viruses comprising treating said microorganisms 
and/or viruses with an effective amount of fungal laccase enzymes and an effective 
amount of one or more enhancers in the presence of oxygen (O.sub.2), the enhancer 
being of the formula: ##STR3## 

Brief Summary Paragraph Right (10) : 

Thus, based on these findings the present invention provides, in a first aspect, an 
enzymatic antimicrobial method comprising treatment of microorganisms and/or viruses 
with effective amounts of laccase and said enhancers in the presence of oxygen 
(O.sub.2) or a source of oxygen (O.sub.2). 

Drawing Description Paragraph Right (1) : 

FIG. 1 shows the antimicrobial activity of different laccase systems against P. 
aeruginosa and S. epidermidis. Enzyme concentration used was 3 mg/L and enhancer 
concentration used was: 0.1 mM. The different enhancers tested were: l=No mediator; 
2=methylsyringate; 3=cinnamic acid; 4=chlorogenic acid; 5=PPT; 6=syringaldehyde . The 
bactericidal activity of the different combinations is indicated as log cfu/ml, i.e. 
the logarithm to the number of killed cfu per ml (cfu=colony forming units) . 

Drawing Description Paragraph Right (3) : 

FIG. 3 shows the bactericidal activity (given as the logarithm to the number of killed 
cfu per ml) of laccases and methylsyringate against Staphylococcus epidermidis 
depending on pH. Laccase concentration=2 mg/L; temperature=40 . degree . C; treatment 
time=20 minutes. Different laccases and MeS concentrations were used: l=rPpL+25 mM 
MeS; 2=rPpL+50 mM MeS; 3=rMtL+25 mM MeS; 4=rMtL+50 mM MeS. 

Drawing Description Paragraph Right (4) : 

FIG. 4 shows bactericidal activity (given as the logarithm to the number of killed cfu 
per ml) of different syringate -compounds against S. epidermidis in combination with 
rMtL, rPpL or no laccase . Laccase concentrations were 3 mg/L; enhancer concentrations 
were0.2 mM; temperature=4 0 . degree . C; pH=6; treatment time=20 minutes. Enhancers 
tested were: l=no enhancer; 2=methylsyringate; 3=ethylsyringate ; 4=butylsyringate ; 
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5=laurylsyringate; 6=acetosyringon . The dashed line indicates complete kill of the 
tested microorganism. 

Detailed Description Paragraph Right (9) : 

Laccase enzymes are able to catalyze 0.sub.2 -dependent oxidation of an 
electron-donor, e.g. an enhancer. The oxidized enhancer make an electrophilic attack 
on microbial components, resulting in chemical modification of essential enzymes, 
transport systems, and other functional components. Sulphydryl groups are especially 
susceptible to electrophilic attack, and are usually present in higher amounts than 
other easily oxidized groups. Aromatic amino acid residues are also susceptible to 
attack. Most aspects of antimicrobial action can be correlated with chemical 
modification of these nucleophilic components. Antimicrobial activity is favored by 
influences that increase the stability of the oxidized agent, provided that these 
influences do not interfere with their electrophilic character, or their ability to 
penetrate microbial membranes. Although 0.sub.2 itself is an oxidizing agent, the 
0.sub.2 molecule is stabilized and reacts only slowly with biological materials. The 
laccase catalyzed oxidation of the enhancer preserves the oxidizing power 0.sub.2 into 
forms that reacts more readily. 

Detailed Description Paragraph Right (10) : 

The reaction catalyzed by laccase can be written as: 

Detailed Description Paragraph Right (14) : 

In the context of this invention " laccases " include enzymes comprised by the enzyme 
classification E.C. 1.10.3.2. 

Detailed Description Paragraph Right (15) : 

Preferably, the laccase employed is derived from a strain of Polyporus sp., in 
particular a strain of Polyporus pinisitus or Polyporus versicolor, or a strain of 
Myceliophthera sp., e.g. M. thermophila or a strain of Rhizoctonia sp. , in particular 
a strain of Rhizoctonia praticola or Rhizoctonia solani, or a strain of a Rhus sp., in 
particular Rhus vernicifera. 

Detailed Description Paragraph Right (16) : 

In specific embodiments of the invention the oxidoreductase is a laccase, such as a 
Polyporus sp. laccase especially the Polyporus pinisitus laccase (also called Trametes 
villosa laccase ) described in WO 96/00290 (from Novo Nordisk Biotech., inc.) or a 
Myceliophthera sp . laccase especially the Myceliophthera thermophila laccase described 
in WO 95/33836 (from Novo Nordisk Biotech inc.) . 

Detailed Description Paragraph Right (17): 

Further, the laccase may be a Scytalidium sp. laccase, such as the S. thermophilium 
laccase described in WO 95/33 837 (from Novo Nordisk Biotech inc.) or a Pyricularia sp. 
laccase, such as the Pyricularia oryzae laccase which can be purchased from SIGMA 
under the trade name SIGMA no. L5510, or a Coprinus sp. laccase, such as a C. cinereus 
laccase, especially a C. cinereus IFO 3 0116 laccase, or a Rhizoctonia sp. laccase, 
such as a Rh. solani laccase, especially the neutral Rh. solani laccase described WO 
95/07988 (from Novo Nordisk A/S) having a pH optimum in the range from 6.0 to 8.5. 

Detailed Description Paragraph Right (18) : 

The laccase may also be derived from a fungi such as Collybia, Forties, Lentmus, 
Pleurotus, Aspergillus, Neurospora, Podospora, Phlebia, e.g. P. radiata (WO 92/01046), 
Coriolus sp., e.g. C. hirsitus (JP 2-238885), or Botrytis. 

Detailed Description Paragraph Right (19) : 

Various enhancers acting as electron donors for laccases for various purposes are 
known (e.g. WO 94/12620, WO 94/12621, WO 95/01626 and WO 96/00179). One or more 
enhancers being of the formula: ##STR5## 

Detailed Description Paragraph Right (22) : 

Combinations of said enhancers may suitably be applied sequentially or simultaneously 
and may have additional synergistic effects, as different microorganisms may show 
different sensitivity towards specific enhancers. Accordingly a specific embodiment of 
the invention relates to an antimicrobial composition comprising a laccase enzyme (EC 
1.10.3.2) and at least two different enhancers of the formula: ##STR7## 
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D etailed Description Paragraph Right (24): 

The Laccase may be present in the medium to be antimicrobially treated i.e. washing 
liquor, cosmetics, food or beverages; or in the medium used for antimicrobial ^ 
treatment of other items i.e. washing liquor, disinfecting liquid, preserving liquid, 
foot bath etc. in 0.00001-100 mg/L, preferably 0.001-10 mg/L, e.g. 0.1-5 mg/L. 

Detailed Description Paragraph Right (25): 

The Laccase may be present in the medium to be antimicrobially treated i.e. washing 
liquor, cosmetics, food or beverages; or in the medium used for antimicrobial 
treatment of other items i.e. washing liquor, disinfecting liquid, preserving liquid, 
foot bath etc. in 0.00001-500 mM, preferably 0.0001-5 mM, e.g. 0.001-0.050 mM. 

Detailed Description Paragraph Right (26) : 

The medium in which the catalytic reaction between the laccase and the enhancer is 
intended to occur is preferably aqueous and may be a liquid, an aerosol, a gel, a 
paste or a slurry, depending on the intended use of the invention. The laccase and the 
enhancer may also be comprised, either separately or together, in solid formulations 
intended for preparation of said mediums. 

Det ailed Description Paragraph Right (27): 

The antimicrobial efficiency of the invention depends, inter alia, on the properties 
of the medium, which thus may be matched to the intended use of the invention. The 
properties to be matched may, inter alia, be solubility or mobility of the laccase, 
the enhancer and/or O.sub.2, the rate of the catalytic reaction, which then again 
depends on e.g. pH, temperature and buffer of the medium. 

Deta iled Description Paragraph Right (28) : 

The medium m ay also affect the half-life of radical, which the enhancer forms upon the 
catalytic reaction with the laccase and O.sub.2 Without being limited to any theory it 
is presently contemplated that there is a positive correlation between the half-life 
of the radical in the medium and its efficiency. The half-life of the radical depends 
on, inter alia, the pH, the temperature and the buffer of the medium. 

Detailed Description Paragraph Right (31): , ^ 

As already indicated Laccases, a^eTamong other reasons, well suited in the context of 
the invention since they catalyze oxidation by molecular oxygen. Thus, reactions which 
take place in vessels open to the atmosphere (or in other reaction vessels into which 
air--or for that matter another oxygen -containing gas--is introduced) and which 
involve an oxidase as enzyme will be able to utilize gaseous oxygen as oxidant; it 
may, however, be desirable to forcibly aerate the liquid medium during the reaction to 
ensure an adequate supply of oxygen. 

Detai led Description Paragraph Right (32) : 

Depending, inter alia, on the characteristics of the laccase and the enhancer 
employed, the pH in the medium employed should normally be in the range of 5-11, otten 
preferably in the range 6-10, e.g. 6.5-8.5. 

Detailed D escription Paragraph Right (37) : 

As mentioned the present invention provides a method for antimicrobial treatment of 
microorganisms or viruses present on laundry and/or in a liquid used for soaking, 
washing or rinsing the laundry, e.g. in a washing machine. The laccase and the 
enhancer may be incorporated in a detergent composition. 

Detailed Description Paragraph Right (89): 

Such enzymes include proteases, lipases, cutinases, amylases, cellulases, peroxidases, 
other oxidases (e.g. laccases ) . 

D etailed Description Paragraph Right (146) : 

Thus the invention may be useful for disinfection, e.g. treatment of acne or other 
skin infections, infections in the eye or the mouth, microbial growth on feet, in 
armpits; teeth (oral care), wounds, bruises and the like. The treatment may be applied 
by use of an aerosol, liquid, emulsion, gel, slurry, paste or solid comprising said 
laccase and said enhancer. 
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Detailed Description Paragraph Right (149): , 
In general it is contemplated that the present invention provides a method, which is 
useful for antimicrobial treatment of any hard surface as defined earlier. The 
treatment may be applied for general disinfection purposes, e.g. disinfection of 
hospital wards, operation rooms, rooms for food processing or other facilities, which 
require disinfection. The hard surface can also be a process equipment member of a 
cooling tower, a water treatment plant, a dairy, a processing plant for food or food 
additives, a chemical or pharmaceutical process plant. The hard surface may also be a 
medical device or a water sanitation equipment. Accordingly, the invention provides an 
antimicrobial method, which is useful in a conventional cleaning-in-place (C-I-P) 
system. The laccase and the enhancer employed in the context of the invention may, 
through a medium, be brought in contact with the surface in question and should be 
present in amounts, which is has an antimicrobial effect. 

Detailed Description Paragraph Right (150) : 

Conservation of paint products in cans has in the art been accomplished by adding 
non-enzymatic organic biocides to the paints. In the context of the invention paint is 
construed as a substance comprising a solid coloring matter dissolved or dispersed in 
a liquid vehicle such as water, organic solvent and/or oils, which when spread over a 
surface, dries to leave a thin colored, decorative and/or protective coating. 
Typically isothiazoliones , such as 5-chlor-2 -methyl-4 -thia-zoli-3 -on, has been added 
to the paint as biocides at dosages in the range of about 0.05-0.5% to inhibit/prevent 
microbial growth in the paint. The method of the invention can however suitably be 
applied in this field, thereby solving the problem of the ever present environmental 
bio-hazards of using toxic organic biocides by replacing these toxic biocides with 
environmentally compatible enzymes. Thus the invention provides a method for 
conservation of a paint comprising contacting said paint with a laccase and one or 
more enhancers of the invention. Further the invention provides a paint composition 
comprising a laccase and one or more enhancers of the invention. 

Detailed Description Paragraph Right (154) : 

The antimicrobial activity (i.e. bactericidal activity) of recombinant Myceliophthera 
laccase (rMtL, WO 95/33836) and recombinant Polyporus laccase (rPpL, WO 96/00290), was 
tested at pH 6 by use of methylsyringate (MeS) , cinnamic acid, chlorogenic acid, 
syringaldehyd and ppt as enhancer. 

Detailed Description Paragraph Right (155) : 
Bactericidal activity was evaluated in 0.05 M MES-buffer 

(2- [N-morpholino] ethanesulf onic acid) (pH 6), which were flushed with air for 5 mm 
before filter sterilisation. The bactericidal activity was determined against 
Pseudomonas aeruginosa (ATCC10145) and Staphylococcus epidermidis (DSM20042) . Cells 
were grown in Tryptone Soya Broth (Oxoid CM129) at 30. degree. C. for 24 h and diluted 
in the MES-buffer to a final cell concentration of approximately 10. sup. 4 cfu/ml. The 
cell suspensions were mixed with laccase (3 mg/L) and enhancer (0.1 mM) for 20 mm at 
40. degree. C. The bactericidal activity was determined by incubation in Malthus . 
Detection times measured by the Malthus instrument were converted to cfu/ml by a 
calibration curve. Either direct or indirect Malthus measurements were used when 
enumerating total survival cells (Malthus Flexi M2060, Malthus Instrument Limited). By 
the direct measurements, the cell metabolism was determined by conductance 
measurements in the growth substrate. By the indirect measurements, 3 ml of growth 
medium was transferred to the outer chamber of the indirect Malthus cells, and 0.5 ml 
of sterile KOH (0.1 M) was transferred to the inner chamber. The cell suspensions were 
after enzyme treatment transferred to the outer chamber of the Malthus cell. As cells 
are growing in the outer chamber they produce CO. sub. 2 which will dissolve in the KOH 
in the inner chamber and thereby change the conductance of the KOH. The amount of 
CO. sub. 2 formed by the respiring cells surviving the enzyme treatment was used for 
estimating the number of viable cells. When the conductance change is measurable by 
the Malthus, a detection time (dt) will be recorded. The dt ■ s were converted to colony 
counts by use of a calibration curve relating cfu/ml to dt (Johansen et al . 1995. 
Journal of Applied Bacteriology 78:297-303, Johansen et al . 1997, Applied and 
Environmental Microbiology 63:3724-3728). 

Detailed Description Paragraph Right (156) : 

Bactericidal activity (log (cfu/ml) =the logarithm to the number of killed cells) was 
obtained with rPpL and rMtL at pH=6, laccase=3 mg/L and enhancer 0 . 1 mM using 
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methylsyringate (MeS) as enhancer. None of the other enhancers resulted in 
bactericidal activity (FIG. 1; l=no enhacer; 2=methylsyringate; 3=cinnamic acid; 
4=chlorogenic acid; 5=PPT; 6=syringaldehyde) at these experimental conditions, 
however, the bactericidal activity of a laccase/enhancer system depends inter alia on 
pH etc., thus the other enhancer may be favourably at e.g. high pH. 

Detailed Description Paragraph Right (158) : 

Antimicrobial activity (i.e. bactericidal activity) of Myceliophthera laccase (rMtL) 
and methylsyringate (MeS) was determined using a 3. sup. 2 factorial design at pH 6 at 
4 0. degree. C. in MES -buffer as described in example 1, however, a higher cell 
concentration was used (10. sup. 7 -10. sup. 8 cfu/ml) . Tested rMtL levels was 0-2,5-5 
mg/L and MeS levels was 0-5-10 mM. 

Detailed Description Paragraph Right (160) : 

The Gram-positive strain, S. epidermidis, was killed 100% by rMtL/MeS treatment at pH 
5-6 and MeS concentrations above 0.5 mM. MeS was not bactericidal against the two 
test-organisms, in the used concentrations, unless combined with laccase . 

Detailed Description Paragraph Right (164) : 

Bactericidal activity can be obtained at different conditions (pH, temperature etc . ) 
by selecting a laccase and an enhancer, which are active at the particular desired 
conditions . 

Detailed Description Paragraph Right (165) : 

Antimicrobial activity (i.e. bactericidal activity) of Myceliophthera laccase (rMtL) 
and Polyporus laccase (rPpL) was determined against Staphylococcus epidermidis at pH 6 
in MES-buffer as described in example 1, the laccases was used in the concentration of 
3 mg/L. Acetosyringon, methylsyringate, ethylsyringate, butylsyringate and 
laurylsyringate were evaluated as electron-donors in the concentration of 0.2 mM. 

Detailed Description Paragraph Right (166) : 

All of the syringate compounds had bactericidal activity when combined with laccase. 
Laurylsyringate and acetosyringon did also show bactericidal activity without laccase, 
however, the bactericidal activity was significantly increased when laccase was added 
(FIG. 4; l=no enhancer; 2=methylsyringate ; 3=ethylsyringate ; 4=butylsyringate ; 
5=laurylsyringate; 6=acetosyringone ; dashed line=total kill) . 

Detailed Description Paragraph Right (167) : 

Acetosyringon, methylsyringate, ethylsyringate and butylsyringate resulted in a 100% 
bactericidal activity against S. epidermidis when combined with Polyporus laccase . 
Whereas the bactericidal activity obtained with Myceliophthera laccase and 
acetosyringon was decreased compared to both the activity of Polyporus laccase and the 
activity obtained with the other syringate compounds. The different 

syringate -compounds were also evaluated against Pseudomonas aeruginosa which are more 
resistant than S. epidermidis. Acetosyringon was found to be the most bactericidal 
enhancer against P. aeruginosa. 

Detailed Description Paragraph Right (169) : 

It is contemplated that the enhancers are tested in a sub-lethal concentration (less 
than 100 % bactericidal activity) , and tested in different combinations against 
microorganisms with different physiology. Synergistic effects may be determined by a 
multi -factorial experiment with a laccase and enhancers like eg acetosyringon, 
methylsyringate, ethylsyringate, butylsyringate and laurylsyringate. 

Detailed Description Paragraph Right (170) : 

Antimicrobial activity of laccases with two enhancers was determined against 
Pseudomonas aeruginosa (ATCC 10145) and Staphylococcus epidermidis (DSM 20042) at pH 6 
as described in example 1. Methylsyringate and acetosyringon was used as enhancers and 
the laccase was rPpL (1 mg/L) and the antimicrobial activity was determined by use of 
a 3. sup. 2 factorial experimental design. 

Detailed Description Paragraph Right (172) : 

Conservation of a paint may be achieved by preparing a paint sample comprising the 
enzymatic antimicrobial system by adding an amount of laccase and enhancer, e.g. 1 mg 
Myceliophthera laccase and 10 .mu. moles of methylsyringate (sterile filtered), to 100 
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mL sterile water based paint in a sterile jar. To this paint sample and to a 100 mL 
sterile reference sample of paint without the enzyme system is now added 200 .mu.L 
10. sup. 8 cfu/ml mixed culture sample of Pseudomonas sp. and Bacillus sp. The cultures 
are mixed into the paints and the jars are closed and placed at 30 or 40. degree. C. 
After 3 or 4 days using conventional techniques, a sample is taken from each jar and 
plated on an agar plate, and growing colonies from both samples are counted. This 
procedure is repeated for approximately 10 times (30 or 40 days) and the colony counts 
from the paint sample containing the enzyme system are compared with the count from 
the reference sample . 

Detailed Description Paragraph Left (5) : 

wherein A, B and C may be substituents as mentioned vide supra, and the laccase and 
the enhancers are present in the composition in antimicrobially effective amounts. The 
composition may be a solid granular or powder formulation or it may be a liquid. A 
solid granular composition may prepared as disclosed in U.S. Pat. No. 4,106,991, U.S. 
Pat. No. 4,661,452, WO 97/31088 or WO 95/33039 and may optionally be coated by methods 
known to the art. A liquid composition may be prepared as a stabile liquid composition 
by addition of conventional stabilizers, a slurry composition or a composition with 
the enzyme in a protected form. Protected enzymes may be prepared according to the 
method disclosed in EP 238,216 A or WO 97/41215. 

Detailed Description Paragraph Center (6) : 
Effective Amounts of Laccase 

Detailed Description Paragraph Center (16) : 

Antibacterial Activity of Laccases with Different Enhancers 
Detailed Description Paragraph Center (18) : 

Bactericidal Activity of Myceliophthera Laccase and Methyl syringate 
Detailed Description Paragraph Center (22) : 

Antimicrobial Activity of Myceliophthera and Polyporus Laccase Using Different 
Syringates 

CLAIMS : 

1. A method for antimicrobial treatment of microorganisms and/or viruses, said method 
comprising treating said microorganisms and/or viruses with an effective amount of a 
fungal laccase (EC 1.10.3.2) enzyme and at least two enhancers in the presence of 
oxygen, the enhancers having the formula: ##STR12## 

in which formula A is a group selected from --D, - -CH . dbd . CH- -D, 

--CH.dbd.CH--CH.dbd.CH--D, - -CH . dbd . N- -D , --N.dbd.N- -D, or --N.dbd.CH--D, in which D 
is selected from the group consisting of --C0--E, --SO. sub. 2 --E, --N--XY, and 
--N.sup.+ --XYZ, in which E is --H, --OH, --R, or --OR, and X and Y and Z may be 
identical or different and selected from --H and --R; R is C.sub.l -C. sub. 16 alkyl 
which may be saturated or unsaturated, branched or unbranched and optionally 
substituted with a carboxy, sulpho or amino group; and B and C may be the same or 
different and selected from C.sub.m H.sub.2m+1 where 1 . ltoreq .m. Itoreq . 5 . 

2. An antimicrobial composition comprising a laccase enzyme (EC 1.10.3.2) and at least 
two different enhancers of the formula: ##STR13## 

in which formula A is a group selected from --D, - -CH . dbd. CH- -D, 

--CH.dbd.CH--CH.dbd.CH--D, --CH.dbd.N--D, - -N . dbd .N- -D , or - -N . dbd . CH- -D , in which D 
is selected from the group consisting of --CO--E, --SO. sub. 2 --E, --N--XY, and 
--N.sup.+ --XYZ, in which E is --H, --OH, --R, or --OR, and X and Y and Z may be 
identical or different and selected from --H and --R; R is C.sub.l -C. sub. 16 alkyl 
which may be saturated or unsaturated, branched or unbranched and optionally 
substituted with a carboxy, sulpho or amino group; and B and C may be the same or 
different and selected from C.sub.m H.sub.2m+1 where 1 . Itoreq .m. Itoreq . 5 . 

5. The method according to claim 1, wherein the laccase is obtained from a fungus 
selected from the group consisting of Myceliophthera species, Polyporus species, 
Coprinus species, Rhizoctonia species, Scytalidium species and Pyricularia sp. 
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6. The method according to claim 5, wherein the laccase is obtained from the fungus 
Myceliophthera thermophila or Polyporus pinisitus. 

19. The method according to claim 1 for conserving an aqueous based paint comprising 
contacting said paint with a laccase (EC 1.10.3.2) and said at least two enhancers. 

20. A composition comprising a paint wherein said paint comprises a solid coloring 
matter dissolved or dispersed in a liquid vehicle which, when spread over a surface, 
dries to leave a thin, decorative, and/or protective coating, a laccase (EC 1.10.3.2) 
and at least two enhancers, the enhancers having the formula ##STR15## 

in which formula A is a group selected from --D, --CH.dbd.CH--D, 

--CH.dbd.CH--CH.dbd.CH--D, --CH.dbd.N--D, --N.dbd.N--D, or - -N. dbd. CH- -D, in which D 
is selected from the group consisting of --CO--E, --SO. sub. 2 --E, --N--XY, and 
--N.sup.+ --XYZ, in which E is --H, --OH, --R, or --OR, and X and Y and Z may be 
identical or different and selected from --H and --R; R is C1-C16 alkyl which may be 
saturated or unsaturated, branched or unbranched and optionally substituted with a 
carboxy, sulpho or amino group; and B and C may be the same or different and selected 
from C.sub.m H.sub.2m+1 where 1 . Itoreq.m. ltoreq. 5 . 
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TITLE: Enhancers such as acetosyringone 



Abstract Paragraph Right (1) : 

The invention is directed to a method of bleaching dye or colorant in solution which 
comprises a phenol oxidizing enzyme (e.g. A peroxidase or a laccase ) and an enhancing 
agent (e.g. acetosyringone) . 

Brief Summary Paragraph Right (1) : 

The invention relates to a method of oxidizing a compound with a phenol oxidizing 
enzyme and an enhancing agent . The invention also relates to a detergent additive and 
to a detergent composition. 

Drawing Description Paragraph Right (1) : 

The present invention is further illustrated by reference to FIG. 1 which shows the 
bleaching of gradually added Acid Blue 45 in phosphate/borate buffer pH 10 at 
35. degree. C; (I): Only dye addition; (II): Dye addition in the presence of Laccase ; 
(III) : Dye addition in the presence of Laccase+Acetosyringone ; the experiment 
conducted as described in Example 8 . 

Detailed Description Paragraph Right (11) : 

In the context of the present invention the enzyme of the phenol oxidizing enzyme may 
be an enzyme possessing peroxidase activity or a laccase or a laccase related enzyme 
as described below. 

Detailed Description Paragraph Right (23) : 

In the context of this invention, laccases and laccase related enzymes comprise any 
laccase enzyme comprised by the enzyme classification (EC 1.10.3.2), any catechol 
oxidase enzyme comprised by the enzyme classification (EC 1.10.3.1), any bilirubin 
oxidase enzyme comprised by the enzyme classification (EC 1.3.3.5) or any monophenol 
monooxygenase enzyme comprised by the enzyme classification (EC 1.14.99.1). 

Detailed Description Paragraph Right (24): 

The above mentioned enzymes may be derived from plants, bacteria or fungi (including 
filamentous fungi and yeasts) and suitable examples include a laccase derivable from a 
strain of Aspergillus, Neurospora, e.g., N. crassa. Podospora, Botrytls, Collybia, 
Fomes, Lentinus, Pleurotus, Trametes, e.g., T. villosa and T. versicolor, Rhizoctonia, 
e.g., R. solani, Coprinus , e.g., C. cinereus, C. comatus, C. friesii, and C. 
plicatilis, Psathyrella, e.g., P. condelleana, Panaeolus, e.g., P. Papilionaceus , 
Myceliophthora, e.g., M. thermophila, Schytalidium, Polyporus , e.g., P. pinsitus, 
Phlebia, e.g., P. radita (WO 92/01046), or Coriolus, e.g., C. hirsutus (JP 2-238885). 

Detailed Description Paragraph Right (25) : 

The laccase or the laccase related enzyme may furthermore be one which is producible 
by a method comprising cultivating a host cell transformed with a recombinant DNA 
vector which carries a DNA sequence encoding said laccase as well as DNA sequences 
encoding functions permitting the expression of the DNA sequence encoding the laccase, 
in a culture medium under conditions permitting the expression of the laccase enzyme, 
and recovering the laccase from the culture. 

Detailed Description Paragraph Right (26) : 

Laccase activity is determined from the oxidation of syringaldazin under aerobic 
conditions. The violet colour produced is photometered at 53 0 nm. The analytical 
conditions are 19 .mu.M syringaldazin, 23.2 mM acetate buffer, pH 5.5, 30. degree. C, 
1 min. reaction time. 
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Detailed Description Paragraph Right (27) : 

1 laccase unit (LACU) is the amount of enzyme that catalyses the conversion of 1.0 
.mu.mole syringaldazin per minute at these conditions. 

Detailed Description Paragraph Right (37) : 

Accordingly, the invention provides a method for bleaching of lignin-containing 
material, in particular bleaching of pulp for paper production, which method comprises 
treatment of the lignin or lignin containing material with a phenol oxidizing enzyme 
and an enhancing agent as described in the present invention. 

Detailed Description Paragraph Right (48) : 

The detergent may contain 1-65% of a detergent builder or complexing agent such as 
zeolite, diphosphate, triphosphate , phosphonate , citrate, nitrilotriacetic acid (NTA) , 
ethylenediaminetetraacetic acid (EDTA) , diethylenetriaminepentaacetic acid (DTPA) , 
alkyl- or alkenylsuccinic acid, soluble silicates or layered silicates (e.g. SKS-6 
from Hoechst) . The detergent may also be unbuilt, i.e. essentially free of detergent 
builder. 

Detailed Description Paragraph Right (71) : 

Bleaching of Direct Blue 1 (DB1) using various Coprinaceae laccases and 
methyl syringate at pH 5.5-8.5 

Detailed Description Paragraph Right (72) : 

Bleaching of the dye Direct Blue 1 at various pH values was conducted using a laccase 
obtained from Coprinus comatus, Coprinus friesii, Coprinus plicatilis, Panaeolus 
papilionaceus or Psathyrella condolleana and methylsyringate . 

Detailed Description Paragraph Right (77) : 

Reagents were mixed in a 1 ml thermos tated cuvette at 3 0. degree. C. and the bleaching 
was started by addition of the laccase . 

Detailed Description Paragraph Right (81) : 

Bleaching of the dye Direct Blue 1 at various pH values was conducted using Coprinus 
cinereus laccase and one of the following enhancing agents: 

Detailed Description Paragraph Right (82) : 

Tne laccase was obtained in the following way: Coprinus cinereus (IFO 3 0116- - freely 
available to the public from Institute of Fermentation, Osaka (IFO) under the 
indicated deposit number) was inoculated from a PDA agar slant (PDA: 39 g/1 potato 
dextrose agar) into a 100 ml shake flask containing medium A (Medium A is described in 
Example 3). The culture was cultivated for 6 days at 26. degree. C. and 100 rpm. A 
10 -liter fermentor containing medium A was inoculated with the 100 ml culture broth. 
The fermentation ran for 6 days at 26. degree. C. and 100 rpm. The culture broth was 
filtrated and concentrated by ultrafiltration. Further purification was carried out 
using hydrophobic interaction chromatography followed by anionic exchange 
chromatography. This process resultated in a preparation with a laccase activity of 
3.6 LACU/ml. The estimated purity was >80% on a protein basis. 

Detailed Description Paragraph Right (84) : 

Reagents were mixed in a 1 ml thermostated cuvette at 3 0. degree. C. and the bleaching 
was started by addition of the laccase . 

Detailed Description Paragraph Right (87) : 

Bleaching of the dye Direct Blue 1 at various pH values was conducted using Coprinus 
cinereus laccase and the enhancing agent acetosyringone . 

Detailed Description Paragraph Right (88) : 

The laccase was obtained as described in Example 5 . 

Detailed Description Paragraph Right (90) : 

Reagents were mixed in a 1 cm thermostated cuvette at 3 0. degree. C. and the bleaching 
was started by addition of the laccase . 

Detailed Description Paragraph Right (94) : 

Laccase obtained from Trametes villosa: 800 ml culture broth of Trametes villosa, CBS 
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678.70, was filtered with filter aid to give a clear filtrate, which was concentrated 
and washed by ultrafiltration on a membrane with a cut-off of 6-8 kDa. One ml samples 
of concentrated preparation was applied onto a Q-Sepharose HP column (Pharmacia, 
Sweden) equilibrated with 0.1 M fosfate pH 7, and the laccase was eluted with a flat 
NaCl gradient around 0.25 M. Fractions with laccase activity from 10 runs were pooled 
and concentrated by ultrafiltration to an activity of 500 LACU/ml . 

Detailed Description Paragraph Right (101) : 

The laccase was recovered from a 10-liter fermentation of Coprinus cinereus (IFO 
30116) as described in Example 4. 

Detailed Description Paragraph Right (103) : 

FIG. 1 shows the results of the bleaching tests. The following symbols are used: (I): 
Only dye addition; (II) : Dye addition in the presence of Laccase ; (III) : Dye addition 
in the presence of Laccase+acetosyringone . 

Detailed Description Paragraph Right (105) : 

A small-scale experiment was carried out in which clean cotton test pieces were washed 
together with dyed fabrics bleeding dye into the wash solution, the experiment 
conducted in the absence and in the presence of laccase and enhancing agent. 

Detailed Description Paragraph Right (110) : 

Coprinus cinereus laccase, obtained as described in Example 4 . 
Detailed Description Paragraph Right (112) : 

Laccase system: Laccase at a level of 10 mg/1 with the enhancing agent acetosyringone 
at a level of 10 .mu.M. 

Detailed Description Paragraph Right (114) : 

A small-scale experiment was carried out in which clean cotton test pieces were washed 
together with dyed fabrics bleeding dye into the wash solution, the experiment 
conducted in the absence and in the presence of laccase and enhancing agent. 

Detailed Description Paragraph Right (119) : 

Myceliophthora thermophila laccase, produced as described in PCT/US95/06815) . 
Detailed Description Paragraph Left (2) : 

Bleaching of Direct Blue 1 with Trametes villosa laccase, obtained as described above, 
at pH 5.5 (1.6 mg/1) and pH 7 . 0 (16 mg/1) : 

Detailed Description Paragraph Left (3) : 

Typical significant differences in the delta E readings are 2-3 units, so the data 
reflect significant reduction of dye transfer with the laccase treatments relative to 
the treatment with no laccase system. 

Detailed Description Paragraph Left (4) : 

Typical significant differences in the delta E readings are 2-3 units, so the data 
reflect significant reduction of dye transfer with the laccase treatments relative to 
the treatment with no laccase system. 

Detailed Description Paragraph Center (10) : 

Bleaching of Direct Blue 1 (DB1) using Coprinus cinereus laccase with/without 
enhancing agents at pH 5.5-8.5 

Detailed Description Paragraph Center (12) : 

Bleaching of Direct Blue 1 (DB1) using Coprinus cinereus laccase and acetosyringone 
Detailed Description Paragraph Center (14) : 

Bleaching of Direct Blue 1 with Trametes villosa laccase with and without enhancing 
agents 

Detailed Description Paragraph Center (16) : 

Bleaching of gradually added Acid Blue 45 with Coprinus cinereus laccase with and 
without enhancing agent 
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Detailed Description Paragraph Center (18) : 

Dye Transfer Inhibition Using Coprinus cinereus Laccase 

Detailed Description Paragraph Center (20) : 

Dye Transfer Inhibition Using Myceliophthora thermophila Laccase 

Detailed Description Paragraph Type 0 (6) : 
Laccase and Laccase Related Enzymes 

Detailed Description Paragraph Type 0 (7) : 
Determination of Laccase Activity (LACU) 

Detailed Description Paragraph Type 0 (36) : 

Laccase systems: M. thermophila laccase at a level of 0.87 mg/1 with the enhancing 
agent acetosyringone (AS) or the enhancing agent methylsyringate (MS) at a level of 10 
. mu . M . 

Detailed Description Paragraph Table (22) : 

Final concentration 

400 .mu.l 50 mM Britton-Robinson buffer*, 20 mM 

(pH 5.5, 7.0, and 8.5 respectively), 200 .mu.l DB1 .about. 3.0 Abs . Units (610 nm) 0.6 
(A. sub. 610nm) 200 .mu.l 50 .mu.M methylsyringate 10 .mu.M 200 .mu.l laccase at pH 5 

and 7: 4 LACU/1 at pH 8.5: 20 LACU/1 * (50 mM 

acetic acid, 50 mM phosphoric acid, 50 mM boric acid, pH adjusted to the value of 

interest with NaOH) . 

Detailed Description Paragraph Table (25) : 

Final concentration 

400 .mu.l 50 mM Britton-Robinson buffer*, 20 mM 

(pH 5.5, 7.0 and 8.5 respectively), 200 .mu.l DB1 .about. 3.0 Abs. Units (610 nm) 0.6 
(A. sub. 610nm) 200 .mu.l 50 .mu.M enhancing agent 10 .mu.M 200 .mu.l C. cinereus 

laccase 1 mg/1 * (50 mM acetic acid, 50 mM 

phosphoric acid, 50 mM boric acid, pH adjusted to the value of interest with NaOH) . 

Detailed Description Paragraph Table (27) : 

Final concentration 

400 .mu.l 50 mM Britton-Robinson buffer*, 2 0 mM 



(pH 4, 5, 6, 7, and 8 respectively), 200 .mu.l DB1 .about. 3.0 Abs. Units (610 nm) 0.6 
(A. sub. 610nm) 200 .mu.l 50 .mu.M acetosyringone 10 .mu.M 200 .mu.l C. cinereus laccase 

3.2 mg/1 * (50 mM acetic acid, 50 mM phosphoric 

acid, 50 mM boric acid, pH adjusted to the value of interest with NaOH) . 

Detailed Description Paragraph Table (31) : 

Hunter colour difference (delta E) with respect 

to white, washed cotton Cotton washed Cotton washed with AR 151 with DB 1 bleeders 

bleeders Wash with no laccase 12 2 6 system Wash 

with laccase l 7 system 

Detailed Description Paragraph Table (32) : 

Hunter colour difference (delta E) with respect 

to white, washed cotton Cotton washed Cotton washed with AR 151 with DB 1 bleeders 

bleeders Wash with no laccase 21 2 9 system Wash 

with laccase 4 8 system 

Detailed Description Paragraph Table (33) : 

Hunter colour difference (delta E) with respect 

to white, washed cotton Cotton washed Cotton washed with AR 151 with DB 1 bleeders 

bleeders Wash with no laccase 7 27 system Wash 

with AS-based laccase 5 13 system Wash with MS-based laccase 4 12 system 



Detailed Description Paragraph Table (34) : 

Hunter colour difference (delta E) with respect 

to white, washed cotton Cotton washed Cotton washed with AR 151 with DB 1 bleeders 
bleeders Wash with no laccase 14 2 9 system Wash 
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with AS-based laccase 5 10 system Wash with MS-based laccase 3 8 system 



Other Reference Publication (1) : 

Shuttleworth, et al "Soluble and Immobilized Laccase as Catalyst for the 
Transformation of Substituted Phenol" Enzyme Microb Technology, vol. 76 pp. 171-177, 
1985. 

CLAIMS : 

1. A method for bleaching dyes or colorants in a solution, comprising treating the 
dyes or colorants in the solution with a phenol oxidizing enzyme and an enhancing 
agent of the following formula: ##STR6## in which formula A is a group such as --D, 
--CH=CH--D, --CH=CH--CH=CH--D, --CH=N--D, --N=N--D, or --N=CH--D, in which D is 
selected from the group consisting of --CO--E, --SO. sub. 2 --E, --N--XY, and --N+--XYZ, 
in which E may be --H, --OH, --R, or --OR, and X and Y and Z may be identical or 
different and selected from --H and --R; R being a C.sub.l -C. sub. 16 alkyl, which 
alkyl may be saturated or unsaturated, branched or unbranched and optionally 
substituted with a carboxy, sulfo or amino group; and B and C may be the same or 
different and selected from C.sub.m H.sub.2m+1; 1 . ltoreq . m. ltoreq . 5 . 

6. A method according to claim 1, in which the phenol oxidizing enzyme is a laccase 
enzyme together with oxygen. 

7. A method according to claim 6, wherein the laccase is derived from Trametes, or 
Coprinus . 
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DOCUMENT- IDENTIFIER: US 5885304 A 
TITLE: Enhancement of laccase reactions 



Abstract Paragraph Left (1) : 

The present invention relates to a detergent composition, detergent additive as well 
as a method of oxidizing a substrate which comprises contacting the substrate with a 
composition which includes an enzyme selected from the group consisting of laccase, 
catechl oxidase, monophenol mono oxygenase, and bilirubin oxidase and an enhancing 
agent . 

Brief Summary Paragraph Right (1) : 

This invention relates to activation of enzymes. More specifically, the invention 
relates to agents capable of enhancing the activity of laccases and related enzymes. 

Brief Summary Paragraph Right (2) : 

The invention also relates to methods of oxidizing a substrate in the presence of a 
laccase enzyme, and an enhancing agent . More specifically, the invention relates to a 
method of bleaching of dye in solutions, to a method of inhibiting the transfer of a 
textile dye from a dyed fabric to another fabric when said fabrics are washed together 
in a wash liquor, to a method of bleaching lignin-containing material, in particular 
bleaching of pulp for paper production, to a method of treatment of waste water from 
pulp manufacturing, and to a method of enzymatic polymerization and/or modification of 
lignin or lignin containing material. 

Brief Summary Paragraph Right (3) : 

Laccases (E.C. 1.10.3.2) are enzymes that catalyse the oxidation of a substrate (an 
electron or hydrogen donor) with oxygen. Such enzymes are known from microbial, plant 
and animal origins, e.g. from fungi. They are typically copper proteins, i.e. they 
contain a copper atom or atoms as a prosthetic group. 

Brief Summary Paragraph Right (4) : 

Use of laccases has been suggested e.g. in bleaching of pulp for paper production, in 
treatment of waste water from pulp production, for improved bleaching in laundry 
detergents, for dye transfer inhibition during laundering, and for lignin 
modification, e.g. in particle board production. 

Brief Summary Paragraph Right (6) : 

ABTS has been found to form a stable radical cation when oxidized by a laccase enzyme 
(polyphenol oxidase, EC 1.10.3.2), and has been proposed to act as a redox mediator 
for oxidation of non-phenolic lignin model compounds [Bourbonnais R. , Paice M. G. ; 
FEBS Lett (1990) 267 99-102] . 

Brief Summary Paragraph Right (7) : 

Studies on demthylation and delignif ication of kraft pulp by a laccase enzyme in the 
presence of ABTS showed that the extent of partial demethylation by laccase was 
increased in the presence of ABTS [Bourbonnais, R. and Paice, M. G . ; Appl . Microbiol. 
Biotechnol. (1992) 36 823-827]. 

Brief Summary Paragraph Right (9) : 

It has now surprisingly been found that organic chemical compounds consisting of at 
least two aromatic rings, of which aromatic rings at least one ring is substituted 
with one or more of the following atoms: nitrogen, oxygen, and sulfur, and which 
aromatic rings may furthermore be fused rings, are capable of enhancing the activity 
of laccase enzymes. 

Brief Summary Paragraph Right (10) : 
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Accordingly, in its first aspect, the invention provides an agent for enhancing the 
activity of laccase enzymes, which agent is an organic chemical compound consisting of 
at least two aromatic rings, of which aromatic rings at least one ring is substituted 
with one or more of the following atoms: nitrogen, oxygen, and sulfur; and which 
aromatic rings may furthermore be fused rings . 

Brief Summary Paragraph Right (11) : 

In a more specific aspect, the invention provides an agent for enhancing the activity 
of laccase enzymes, which agent is an organic chemical compound of the general formula 
I: ##STR1## 

Brief Summary Paragraph Right (18) : 

In another specific aspect, the invention provides an agent for enhancing the activity 
of a laccase enzyme, which agent is an organic chemical compound of the general 
formula II: ##STR2## 

Brief Summary Paragraph Right (22) : 

In another aspect, the invention provides a method for oxidizing a substrate with a 
laccase or a laccase related enzyme, in the presence of oxygen and in the presence of 
an enhancing agent of the invention. 

Brief Summary Paragraph Right (23) : 

In a more specific aspect, the invention provides a method for bleaching dye in 
solutions by treatment with a laccase or a laccase related enzyme in the presence of 
oxygen in the presence of an enhancing agent of the invention. 

Brief Summary Paragraph Right (24) : 

In another specific aspect, the invention provides a method of inhibiting the transfer 
of a textile dye from a dyed fabric to another fabric when said fabrics are washed 
together in a wash liquor, the method comprising treatment of the wash liquor, with a 
laccase or a laccase related enzyme in the presence of oxygen and in the presence of 
an enhancing agent of the invention. 

Brief Summary Paragraph Right (25) : 

In another aspect, the invention provides a method of bleaching lignin-containing 
material, in particular bleaching of pulp for paper production, the method comprising 
treatment of the lignin or lignin containing material with a laccase or a laccase 
related enzyme in the presence of a source of oxygen and in the presence of an 
enhancing agent of the invention. 

Brief Summary Paragraph Right (26) : 

In a further aspect, the invention provides a method of enzymatic polymerization 
and/or modification of lignin or lignin containing material, the method comprising 
treatment of the lignin or lignin containing material with a laccase or a laccase 
related enzyme in the presence of a source of oxygen and in the presence of an 
enhancing agent of the invention. 

Brief Summary Paragraph Right (27) : 

In a yet further aspect, the invention provides a method of treatment of waster water, 
in particular waste water from pharmaceutical or chemical industry, e.g. waste water 
from dye manufacturing, from textile industry, or from pulp manufacturing, the method 
comprising treatment of the waste water with a laccase or a laccase related enzyme in 
the presence of a source of oxygen and in the presence of an enhancing agent of the 
invention. 

Brief Summary Paragraph Right (28) : 

In a particular aspect, the invention provides a detergent additive capable of 
inhabiting the transfer of a textile dye from a dyed fabric to another fabric when 
said fabrics are washed together in a wash liquor, the detergent additive comprising 
an enzyme exhibiting laccase activity and oxygen and an enhancing agent of the 
invention . 

Brief Summary Paragraph Right (29) : 

In other aspects, the invention provides detergent additives and detergent 
compositions capable of inhibiting the transfer of a textile dye from a dyed fabric to 
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another fabric when said fabrics are washed together in a wash liquor, the detergent 
composition comprising an enzyme exhibiting laccase activity and oxygen and an 
enhancing agent of the invention. 

Detailed Description Paragraph Right (1) : 

The present invention relates to the use of the chemical compounds for enhancing the 
activity of laccase enzymes. Accordingly, the invention provides an agent capable of 
enhancing the effect of a laccase enzyme in the following termed enhancing agent. 

Detailed Description Paragraph Right (35) : 

In another aspect, the invention provides a method of oxidizing a substrate with a 
laccase enzyme and in the presence of an enhancing agent. 

Detailed Description Paragraph Right (39) : 

The enhancing agents of the invention are agents capable of enhancing the activity of 
laccases and laccase related enzymes. In the context of this invention, laccases and 
laccase related enzymes contemplate any laccase enzyme comprised by the enzyme 
classification EC 1.10.3.2, any chatechol oxidase enzyme comprised by the enzyme 
classification EC 1.10.3.1, any bilirubin oxidase enzyme comprised by the enzyme 
classification EC 1.3.3.5 or any monophenol monooxygenase enzyme comprised by the 
enzyme classification EC 1.14.99.1. 

Detailed Description Paragraph Right (40) : 

Preferably, the laccase employed in the method of the invention is derived from a 
fungi such as Trametes, e.g. T. villosa or T. versicolor, Collybia, Fomes, Lentinus, 
Pleurotous, Rhizoctonia, e.g. R. solani, Aspergillus, Neurospora, Podospora, Phlebia, 
e.g. P. radiata (WO 92/01046), Coriolus, e.g. C. hirsitus (JP 2-238885), 
Myceliophthora, e.g. M. thermophila or Botrytis. Bilirubin oxidase may preferably be 
derived from Myrothecium, e.g. M. verrucaria. 

Detailed Description Paragraph Right (41) : 

The laccase or the laccase related enzyme may furthermore be one which is producible 
by a method comprising cultivating a host cell transformed with a recombinant DNA 
vector which carries a DNA sequence encoding said laccase as well as DNA sequences 
encoding functions permitting the expression of the DNA sequence encoding the laccase, 
in a culture medium under conditions permitting the expression of the laccase enzyme, 
and recovering the laccase from the culture. 

Detailed Description Paragraph Right (42) : 

Laccase activity is determined from the oxidation of syringaldazin under aerobic 
conditions. The violet colour produced is photometered at 530 nm. The analytical 
conditions are 19 .mu.M syringaldazin, 23.2 mM acetate buffer, pH 5.5, 30. degree. C, 
1 min. reaction time. 

Detailed Description Paragraph Right (43) : 

1 laccase unit (LACU) is the amount of enzyme that catalyses the conversion of 1.0 
.mu.mole syringaldazin per minute at those conditions. 

Detailed Description Paragraph Right (47) : 

Accordingly, in a specific embodiment, the invention provides a method inhibiting the 
transfer of a textile dye from a dyed fabric to another fabric when said fabrics are 
washed together in a wash liquor, the method comprising treatment of the wash liquor 
with a laccase or a laccase related enzyme in the presence of an enhancing agent. The 
textile dye may be a synthetic dye such as an azo dye, or a natural or 
nature - identical dye . 

Detailed Description Paragraph Right (49) : 

Accordingly, the invention provides a method for bleaching of lignin-containing 
material, in particular bleaching of pulp for paper production, which method comprises 
treatment of the lignin or lignin containing material with a laccase or a laccase 
related enzyme in the presence of an enhancing agent of the invention. 

Detailed Description Paragraph Right (51) : 

Accordingly, the invention provides a method for enzymatic polymerization and/or 
modification of lignin or lignin containing material, which method comprises treatment 
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of the lignin or lignin containing material with a laccase or a laccase related enzyme 
in the presence of an enhancing agent of the invention. 

Detailed Description Paragraph Right (53) : 

In a more specific aspect, the invention provides a method for treatment of waste 
water from dye manufacturing, from dye-works, from textile industry, or from pulp 
manufacturing, the method comprising treatment of the waste water with a laccase or a 
laccase related enzyme in the presence of an enhancing agent of the invention. 

Detailed Description Paragraph Right (60) : 

The detergent may contain 1-65% of a detergent builder or complexing agent such as 
zeolite, diphosphate, triphosphate , phosphonate, citrate, nitrilotriacetic acid (NTA) , 
ethylenediaminetetraacetic acid (EDTA) , diethylenetriaminepentaacetic acid (DTMPA) , 
alkyl- or alkenylsuccinic acid, soluble silicates or layered silicates (e.g. SKS-6 
from Hoechst) . The detergent may also be unbuilt, i.e. essentially free of detergent 
builder . 

Detailed Description Paragraph Right (75) : 
Laccase Obtained from Trametes villosa 

Detailed Description Paragraph Right (76) : 

800 ml culture broth of Trametes villosa, CBS 678.70, was filtered with filter aid to 
give a clear filtrate, which was concentrated and washed by ultrafiltration on a 
membrane with a cut-off of 6-8 kDa. One ml samples of concentrated preparation was 
applied onto a Q-Sepharose HP column (Pharmacia, Sweden) equilibrated with 0 . 1M 
fosfate pH 7, and the laccase was eluted with a flat NaCl gradient around 0.25M. 
Fractions with laccase activity from 10 runs were pooled and concentrated by 
ultrafiltration to an activity of 500 LACU/ml . 

Detailed Description Paragraph Left (3) : 
Laccase and Related Enzymes 

Detailed Description Paragraph Left (4) : 
Determination of Laccase Activity (LACU) 

Detailed Description Paragraph Table (15) : 

TABLE 1 Bleaching of Direct Blue 1 with 

Trametes villosa laccase, obtained as described above, at pH 5 . 5 (0.1 LACU/ml) and pH 
7.0 (1 LACU/ml). DB1 bleaching in 4 minutes (-. increment . mAbs/4 min) Enhancer pH 5 . 5 

pH 7.0 No enhancer 0 0 10 -Phenothiazine- 387 

182 propionic acid 10-Methyl- 222 22 phenothiazine 4 ' -Hydroxy- 4-biphenyl- 46 34 
carboxylic acid 4,4'- Diaminostilbene- 2 , 2 ■ -disulf onic 3.5 6 acid 6-Hydroxy-2- 12 20 
naphthoic acid 10 -Methylphenoxa- 364 296 zine 10 -Phenoxazinepro- 364 268 pionic acid 
10-Ethyl-4-pheno- thiazinepropionic 411 175 acid 10 - (2 -Hydroxy ethyl) - 373 184 
phenothiazine 10- (2-Hydroxyethyl) - 429 192 phenoxazine 10- (3 -Hydroxypropyl) - 428 219 
phenothiazine 4 , 4 1 -Dimethoxy-N- 210 113 methyl -diphenylamine Vanillin azine 118 5 
TABLE 2 Bleaching of Direct Blue 1 with Myrothecium verrucaria bili- rubin oxidase, 
obtained as described above, at pH 5.5 (0.00675 Sigma units/ml) and pH 7.0 (0.0675 
Sigma units/ml). DB1 bleaching in 4 minutes (-. increment .mAbs/4 min) Enhancer pH 5.5 
pH 7.0 No enhancer 68 207 10-Phenothiazine- 95 244 propionic acid 10-Methyl- 76 250 
phenothiazine 10 -Methylphenoxa- 143 374 zine 10 -Phenoxazinepro- 96 347 pionic acid 
10-Ethyl-4-pheno- 103 293 thiazinepropionic acid 



CLAIMS : 

1. A method of oxidizing a substrate, comprising treating the substrate with an enzyme 
selected from the group consisting of laccase, catechol oxidase, monophenol 
monooxygenase and bilirubin oxidase and an enhancing agent of the following formula: 
##STR9## wherein E is a single bond, a carbonyl group or one of the following groups: 
(--CH.dbd.CH--) .sub.n, (--CH.dbd.N--) . sub.n or (--NR. sup. 11 --), in which n represents 
an integer from 1 to 2/ and 

R.sup.l -R. sup. 11 may be identical or different and independently are one of the 
following radicals: hydrogen, hydroxy, formyl, carboxy or an ester or salt thereof, 
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carbamoyl, sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, 
phosphonooxy or an ester or salt thereof, nitro, amino, phenyl, C.sub.l -C. sub. 14 
-alkyl, C.sub.l -C.sub.5 - alkoxy, carbonyl-C. sub. 1 -C.sub.5 -alkyl, aryl-C.sub.l 
-C.sub.5 -alkyl; wherein the carbamoyl, sulfamoyl, and amino groups may be 
unsubstituted or substituted once or twice with a substituent group R. sup. 14 ; the 
phenyl group may be unsubstituted or substituted with one or more substituent groups 
R. sup. 14 ; and the C.sub.l -C. sub. 14 -alkyl, C.sub.l -C.sub.5 -alkoxy, 
carbonyl-C. sub. 1 -C.sub.5 -alkyl, and aryl-C.sub.l -C.sub.5 -alkyl groups may be 
saturated or unsaturated, branched or unbranched, and unsubstituted or substituted 
with one or more substituent groups R. sup. 14 ; wherein R. sup. 14 is any of the 
following radicals; hydroxy, formyl, carboxy or an ester or salt thereof, carbamoyl, 
sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, phosphonooxy or an 
ester or salt thereof, nitro, amino, phenyl, C.sub.l -C.sub.5 -alkyl, C.sub.l -C.sub.5 
-alkoxy; wherein the carbamoyl, sulfamoyl, and amino groups may be unsubstituted or 
substituted once or twice with hydroxy, C.sub.l -C.sub.3 -alkyl, C.sub.l -C.sub.3 
-alkoxy; the phenyl group may be unsubstituted or substituted with one or more of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; and the C.sub.l -C.sub.5 
-alkyl and C.sub.l -C.sub.5 -alkoxy groups may be saturated or unsaturated, branched 
or unbranched, and unsubstituted or substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; or in which R.sup.5 and 
R.sup.6 together form a group --B--, in which B is (--CH. dbd.N--) . sub.m, 
(--CH.dbd.CH--) or ( - -CHR . sup . 14 --) in which m is 1 or 2 and R. sup. 14 is as defined 
above . 

2. The method according to claim 1, in which the enzyme is a laccase . 

5. A detergent additive comprising an enzyme exhibiting laccase activity and an 
enhancing agent of the following formula; ##STR10## wherein E is a single bond, a 
carbonyl group or one of the following groups: ( - -CH . dbd . CH-- ) . sub . n, 

(--CH.dbd.N--) . sub.n or (--NR. sup. 11 --) in which n represents an integer from 1 to 2; 
and 

R.sup.l -R. sup. 11 may be identical or different and independently are one of the 
following radicals: hydrogen, hydroxy, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, 
phosphonooxy or an ester or salt thereof, nitro, amino, phenyl, C.sub.l -C. sub. 14 
-alkyl, C.sub.l -C.sub.5 - alkoxy, carbonyl-C . sub . 1 -C.sub.5 -alkyl, aryl-C.sub.l 
-C.sub.5 -alkyl; wherein the carbamoyl, sulfamoyl, and amino groups may be 
unsubstituted or substituted once or twice with a substituent group R. sup. 14 ; the 
phenyl group may be unsubstituted or substituted with one or more substituent groups 
R. sup. 14 ; and the C.sub.l -C. sub. 14 -alkyl, C.sub.l -C.sub.5 -alkoxy, 
carbonyl-C. sub. 1 -C.sub.5 -alkyl, and aryl-C.sub.l -C.sub.5 -alkyl groups may be 
saturated or unsaturated, branched or unbranched, and unsubstituted or substituted 
with one or more substituent groups R. sup. 14 ; wherein R. sup. 14 is any of the 
following radicals; hydroxy, formyl, carboxy or an ester or salt thereof, carbamoyl, 
sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, phosphonooxy or an 
ester or salt thereof, nitro, amino, phenyl, C.sub.l -C.sub.5 -alkyl, C.sub.l -C.sub.5 
-alkoxy; wherein the carbamoyl, sulfamoyl, and amino groups may be unsubstituted or 
substituted once or twice with hydroxy, C.sub.l -C.sub.3 -alkyl, C.sub.l -C.sub.3 
-alkoxy; the phenyl group may be unsubstituted or substituted with one or more of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; and the C.sub.l -C.sub.5 
-alkyl and C.sub.l -C.sub.5 -alkoxy groups may be saturated or unsaturated, branched 
or unbranched, and unsubstituted or substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; or in which R.sup.5 and 
R.sup.6 together form a group --B--, in which B is ( - -CH . dbd . N- - ) . sub .m, 
(--CH.dbd.CH--) or ( - -CHR . sup . 14 --) in which m is 1 or 2 and R. sup. 14 is as defined 
above . 

17. A method of bleaching of lignin-containing material, comprising treating the 
material with an enzyme selected from the group consisting of laccase, catechol 
oxidase, monophenol monooxygenase and bilirubin oxidase and an enhancing agent of the 
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following formula: ##STR11## wherein E is a single bond, a carbonyl group or one of 
the following groups: (--CH.dbd.CH--) . sub.n, (--CH.dbd.N--) . sub.n or (--NR. sup. 11 --), 
in which n represents an integer from 1 to 2; and 

R.sup.l -R. sup. 11 may be identical or different and independently are one of the 
following radicals: hydrogen, hydroxy, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, 
phosphonooxy or an ester or salt thereof, nitro, amino, phenyl, C.sub.l -C. sub. 14 
-alkyl, C.sub.l -C.sub.5 - alkoxy, carbonyl -C. sub . 1 -C.sub.5 -alkyl, aryl-C.sub.l 
-C.sub.5 -alkyl; wherein the carbamoyl, sulfamoyl, and amino groups may be 
unsubstituted or substituted once or twice with a substituent group R. sup. 14 ; the 
phenyl group may be unsubstituted or substituted with one or more substituent groups 
R. sup. 14 ; and the C.sub.l -C. sub. 14 -alkyl, C.sub.l -C.sub.5 -alkoxy, 
carbonyl -C.sub.l -C.sub.5 -alkyl, and aryl-C.sub.l -C.sub.5 -alkyl groups may be 
saturated or unsaturated, branched or unbranched, and unsubstituted or substituted 
with one or more substituent groups R. sup. 14 ; wherein R. sup. 14 is any of the 
following radicals; hydroxy, formyl, carboxy or an ester or salt thereof, carbamoyl, 
sulfo or an ester or salt thereof, sulfamoyl, phospho, phosphono, phosphonooxy or an 
ester or salt thereof, nitro, amino, phenyl, C.sub.l -C.sub.5 -alkyl, C.sub.l -C.sub.5 
-alkoxy; wherein the carbamoyl, sulfamoyl, and amino groups may be unsubstituted or 
substituted once or twice with hydroxy, C.sub.l -C.sub.3 -alkyl, C.sub.l -C.sub.3 
-alkoxy; the phenyl group may be unsubstituted or substituted with one or more of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; and the C.sub.l -C.sub.5 
-alkyl and C.sub.l -C.sub.5 -alkoxy groups may be saturated or unsaturated, branched 
or unbranched, and unsubstituted or substituted once or twice with any of the 
following radicals: hydroxy, amino, formyl, carboxy or an ester or salt thereof, 
carbamoyl, sulfo or an ester or salt thereof, or sulfamoyl; or in which R.sup.5 and 
R.sup.6 together form a group --B--, in which B is (--CH. dbd.N--) . sub.m, 
(--CH.dbd.CH--) or ( - -CHR . sup . 14 --) in which m is 1 or 2 and R. sup. 14 is as defined 
above . 

18. The method according to claim 17, in which the enzyme is a laccase . 

21. A method of bleaching a lignin-containing material, comprising treating the 
material with an enzyme selected from the group consisting of laccase, catechol 
oxidase, monophenol monooxygenase and bilirubin oxidase and an enhancing agent of the 
following formula: ##STR12## in which X is (--0--), (--S--), (--NR. sup. 15 --), 
(--CHR. sup. 15 --) (>C.dbd.O), (--CH.dbd.CH--), (--CH.dbd.N--), or (--N. dbd.N--) ; and 
R.sup.l -R.sup.9 and R. sup. 15, which may be identical or different, independently are 
a radical selected from the group consisting of: hydrogen, hydroxy, formyl, carboxy 
and esters and salts thereof, carbamoyl, sulfo and esters and salts thereof, 
sulfamoyl, phospho, phosphono, phosphonooxy and esters and salts thereof, nitro, 
amino, phenyl, C.sub.l -C. sub. 14 -alkyl, C.sub.l -C.sub.5 -alkoxy, carbonyl-C. sub. 1 
-C.sub.5 -alkyl, and aryl-C.sub.l -C.sub.5 alkyl; in which the carbamoyl, sulfamoyl, 
and amino groups may be unsubstituted or substituted once or twice with a substituent 
group R. sup. 10 ; in which phenyl may be unsubstituted or substituted with one or more 
substituent groups R. sup. 10 ; and in which C.sub.l -C. sub. 14 -alkyl, C.sub.l -C.sub.5 
-alkoxy, carbonyl -C . sub . 1 -C.sub.5 -alkyl, and aryl-C.sub.l -C.sub.5 -alkyl groups may 
be saturated or unsaturated, branched or unbranched, and may be unsubstituted or 
substituted with one or more substituent groups R. sup. 10 ; in which R. sup. 10 
independently represents a radical selected from the group consisting of hydroxy, 
formyl, carboxy and esters and salts thereof, carbamoyl, sulfo and esters thereof, 
nitro, amino, phenyl, aminoalkyl, piperidino, piperazinyl, pyrrolidino, C.sub.l 
-C.sub.5 -alkyl, and C.sub.l -C.sub.5 -alkoxy; in which the carbamoyl, sulfamoyl, and 
amino groups may be unsubstituted or substituted once or twice with hydroxy, C.sub.l 
-C.sub.5 -alkyl, or C.sub.l -C.sub.5 -alkoxy; in which phenyl may be substituted with 
one or more radicals selected from the group consisting of hydroxy, amino, formyl, 
carboxy and esters and salts thereof, carbamoyl, sulfo and esters and salts thereof, 
and sulfamoyl; and in which C.sub.l -C.sub.5 -alkyl and C.sub.l -C.sub.5 -alkoxy 
groups may be saturated or unsaturated, branched or unbranched, and unsubstituted or 
substituted once or twice with any radicals selected from the group consisting of 
hydroxy, amino, formyl, carboxy and esters and salts thereof, carbamoyl, sulfo and 
esters and salts thereof, and sulfamoyl; or 
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in which two of R.sup.l -R.sup.8 may together form a group --B-- which is selected 
from the group consisting of (--CHR.sup. 10 --N.dbd.N--), (--CH.dbd.CH--) . sub.n, 
(--CH.dbd.N--) .sub.n and (--N.dbd.CR. sup. 10 --NR. sup. 11 --) , in which n is an integer 
of from 1 to 3, R. sup. 10 is a substituent group as defined above and R. sup. 11 is 
defined as R. sup. 10. 

22. The method according to claim 21, in which the enzyme is a laccase . 
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File: USPT 



Dec 19, 2000 



DOCUMENT -IDENTIFIER: US 6162260 A 

TITLE: Single-bath biopreparation and dyeing of textiles 



Detailed Description Paragraph Right (14) : 

Preferably, the enzyme is a laccase obtained from a genus selected from the group 
consisting of Aspergillus, Botrytis, Collybia, Fomes, Lentinus, Myceliophthora, 
Neurospora, Pleurotus, Podospora, Polyporus, Scytalidium, Trametes, and Rhizoctonia. 
In a more preferred embodiment, the laccase is obtained from a species selected from 
the group consisting of Humicola brevis var. thernoidea, Humicola brevispora, Humicola 
grisea var. thermoidea, Humicola insolens, and Humicola lanuginosa (also known as 
Thermomyces lanuginosus) , Myceliophthora thermophila, Myceliophthora vellerea, 
Polyporus pinsitus, Scytalidium thermophila, Scytalidium indonesiacum, and Torula 
thermophila. The laccase may be obtained from other species of Scytalidium, such as 
Scytalidium acidophilum, Scytalidium album, Scytalidium aurantiacum, Scytalidium 
circinatum, Scytalidium f laveobrunneum, Scytalidium hyalinum, Scytalidium lignicola, 
and Scytalidium uredinicolum. Rhizoctonia solani and Coprinus cinereus. The laccase 
may be obtained from other species of Polyporus, such as Polyporus zonatus, Polyporus 
alveolaris, Polyporus arcularius, Polyporus australiensis , Polyporus badius, Polyporus 
biformis, Polyporus brumalis, Polyporus ciliatus, Polyporus colensoi, Polyporus 
eucalyptorum, Polyporus meridionalis , Polyporus varius, Polyporus palustris, Polyporus 
rhizophilus, Polyporus rugulosus, Polyporus squamosus, Polyporus tuberaster, and 
Polyporus tumulosus . The laccase may also be a modified laccase by at least one amino 
acid residue in a Type I (Tl) copper site, wherein the modified oxidase possesses an 
altered pH and/or specific activity relative to the wild-type oxidase. For example, 
the modified laccase could be modified in segment (a) of the Tl copper site. 

Detailed Description Paragraph Right (18) : 

Mono- or polycyclic aromatic or heteroaromatic compounds that can be used in 
conjunction with these oxidative enzymes include, without limitation, those that are 
substituted with one or more of C. sub. 1-6 -alkoxy; C. sub. 1-6 -alkyl; halogen; sulfo; 
sulf amino; nitro; azo; carboxy; amido; cyano; f ormyl ; hydroxy; C . sub. 1-6 -alkenyl; 
halocarbonyl; C. sub. 1-6 -oxycarbonyl ; carbamoyl; C. sub. 1-6 -oxoalkyl; carbamidoyl; 
C. sub. 1-6 -alkyl sulfanyl; sulfanyl; C. sub. 1-6 -alkyl sulfonyl; phosphonato; 
phosphonyl; or amino which, is optionally substituted with one, two or three C. sub. 1-6 
-alkyl groups. A polycyclic compound for purposes of the present invention has 2, 3 or 
4 aromatic rings. Examples of such mono- or polycyclic aromatic or heteroaromatic 
compounds include, but are not limited to acridine, anthracene , benzene, benzofurane, 
benzothiazole, benzothiazoline , carboline, carbazole, chinoline, chromene, furan, 
imidazole, indazole, indene, indole, naphtalene, naphthylene, naphthylpyridine, 
phenanthrene , pyran, pyridazine, pyridazone, pyridine, pyrimidine, pyrrole, 
quinazoline, quinoline, quinoxaline, sulfonyl, thiophene, and triazine, each of which 
are optionally substituted. Examples of such compounds include, but are not limited to 
aromatic diamines, aminophenols , phenols and naphthols. 

Detailed Description Paragraph Type 1 (2) : 

(b) Dyeing systems that utilize one or more oxidative enzymes. In enzymatic dyeing 
systems, one or more mono- or polycyclic aromatic or heteroaromatic compounds are 
oxidized by (a) a hydrogen peroxide source and an enzyme exhibiting peroxidase 
activity or (b) an enzyme exhibiting oxidase activity on the one or more mono- or 
polycyclic aromatic or heteroaromatic compounds, e.g., phenols and related substances. 
Enzymes exhibiting peroxidase activity include, but are not limited to, peroxidase (EC 
1.11.1.7) and haloperoxidase, e.g., chloro- (EC 1.11.1.10), bromo- (EC 1.11.1) and 
iodoperoxidase (EC 1.11.1.8). Enzymes exhibiting oxidase activity include, but are not 
limited to, bilirubin oxidase (EC 1.3.3.5), catechol oxidase (EC 1.10.3.1), laccase 
(EC 1.10.3.2), o-aminophenol oxidase (EC 1.10.3.4), and polyphenol oxidase (EC 
1.10.3.2). Assays for determining the activity of these enzymes are well known to 
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persons of ordinary skill in the art. In preferred embodiments, the oxidative enzyme 
is a laccase. 
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File: USPT 
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DOCUMENT- IDENTIFIER: US 5476975 A 

TITLE: Extraction of toxic organic contaminants from wood and photodegradation of 
toxic organic contaminants 

Brief Summary Paragraph Right (13) : 

Oxidation of chlorophenols by enzymes has also been suggested. Laccases may be used to 
remove chlorophenols PG,6 from water through polymerization. This method, however, 
does not provide a permanent solution to the problem. The oxidation of phenolic 
pollutants by lignin peroxidase, an enzyme from Phanerochaete chrysosporium, has also 
been suggested. On the other hand, it is known that chlorophenols could be converted 
to much more toxic polychlorodibenzo-p-dioxins by peroxidase catalyzed oxidation. 

Detailed Description Paragraph Right (36) : 

It was previously found that in the use of solar irradiation for treating soil 
contaminated with wood preservative wastes in solid phase, both pentachlorophenol and 
polycyclic aromatic hydrocarbons were degraded. The presence of anthracene, a 
polycyclic aromatic hydrocarbon component of the oil, enhanced the degradation of 
other components . 
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